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WILLIAM RAY TEETERS 


or the second time a noted science 
peor of a large city school system 
is a recipient of the Science Education Rec- 
ognition Award. Again it is a farm-reared 
Hoosier who merits this distinction. Wil- 
liam Ray Teeters was born on a farm near 
Noblesville in Hamilton County, Indiana, 
March 1, 1887. The parents of Mr. Teeters 
were Hoosier-born. The father Samuel D. 
Teeters was born in 1857 on the same farm 
as was William Ray and the mother, Mattie 
A. Barnett, was born in Madison County, 
Indiana, in 1861. Mr. Teeter’s grand- 
parents came from Pennsylvania and Mary- 
land respectively. A brother Ralph died in 
infancy but three younger sisters are still 
living: Mrs. Ethel Holloway, Mrs. Esther 
Huntzinger, and Mrs. Glenna Hoock. 

Mr. Teeter’s grade school education was 
received in a rural school near his home, 
Wayne Township District No. 2, Hamilton 
County, Indiana. He graduated from here 
in 1902 and attended Anderson High 
School, Anderson, Indiana, where he gradu- 
ated in 1906. Entering Indiana University, 
Bloomington, Indiana, in the fall of 1906, 
he received an A.B. degree in 1910. He 
attended the University of Cincinnati in 
1914 and received an M.A. degree from the 
University of Wisconsin in 1916. Later he 
attended the University of Chicago in 1926. 
At Indiana University and the University 
of Wisconsin he majored in chemistry. 
The title of his master’s thesis at the Uni- 
versity of Wisconsin was Hydrolysis of 
Cellulose in Certain Materials. 

Mr. Teeters married Ruth A. Barsh of 
Huntington, Indiana, June 7, 1910. Their 


children are: Mrs. Lois Elizabeth Kerr liv- 
ing in St. Louis; Mrs. Frances Marian 
Elderkin of Cedar Rapids, lowa; Mrs. 
Martha Jane Heath of St. Louis; and 
Robert B. Teeters, associated with the 
Mallinckrodt Chemical Works in St. Louis. 
The Teeters have seven grandchildren 
five boys and two girls. 

Mr. Teeters has been very active in 
church work and is an Elder in the Presby- 
terian Church. 

Mr. Teeters began his teaching career in 
the Anderson, Indiana, High School in 
1910, teaching mathematics. He had gradu- 
ated from this high school four years earlier. 
He remained at Anderson until 1912 and 
then spent the year 1912-13 teaching physics 
and physiography in the Calumet High 
School, Calumet, Michigan. During the 
years 1913-1917 he taught mathematics, 
physics, and chemistry in the Newport High 
School, Newport, Kentucky. He was an 
instructor in chemistry at the University 
of Cincinnati during the summer of 1914. 
Moving to St. Louis, Missouri, in the fall 
of 1917, he taught chemistry at the Soldan 
High School until 1924. He was appointed 
supervisor of Physical and Biological Sci- 
ence for the entire city of St. Louis in the 
fall of 1924. He remained in this position 
until 1942 when he was appointed Adminis 
trative Assistant to the St. Louis Superin 
tendent of Instruction. This position he 
held until his retirement in 1957. Thus Mr. 
Teeter’s active teaching career spanned some 
forty-seven years. 


Summer activities have included: 


1. John T. Millikan Company, 1918 and 1919, 


Chemist. 
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Spencer Lens Company (now part of Ameri- 
can Optical Company), Buffalo, New York. 
Exhibits of microscopes and projectors in 
mid-western Universities, 1930 and 1931. 
3. Central Scientific Company, Chicago, Illinois. 
Exhibits of all types of scientific apparatus 
in mid-western Universities, 1932 and 1933. 
W. M. Welch Company, Chicago, Illinois. 
A. S. Aloe Scientific Company, St. Louis, 
Missouri. 

6. Rand McNally Company, Nashville, Tennes- 
see, 1934, 1935, and 1936. 

Rand McNally Company, Chicago, Illinois, 
1937, 1938, 1939, 1940, 1941. 


wn 


~ 


This work for Rand McNally was mostly 
rewrite of manuscripts of their authors and 
making changes in books being revised. 

Mr. Teeters considers this summer work 
in traveling, meeting other school men, 
setting-up and performing demonstrations, 
editing manuscripts and revising science 
texts very important in his teaching and 
his editing of science texts. 

Membership in organizations include: 
National Association for Research in Sci- 
ence Teaching (Life member); National 
Education Association, American Associa- 
tion for the Advancement of Science, Cen- 
tral Association of Science and Mathematics 
Teachers, Missouri State Teachers Asso- 


ciation, and American Chemical 
(since 1914). 


dent of the Central Association of Science 


Society 
Mr. Teeters served as Presi- 


He is 
a Fellow in the American Association for 


and Mathematics Teachers in 1937. 


the Advancement of Science and is listed 
in Leaders in Education. Mr. Teeters has 
numerous committees, as 
member and as chairman, in the St. Louis 
Public Schools and the Central Association 
of Science and Mathematics Teachers. 


been active in 


Publications have included a number of 
articles whose titles are not now recalled 
and also a few scientific articles relating to 
Dakin’s Antiseptics and related solutions 
utilized in sterilizing soldier’s wounds. 

Mr. Teeters is a well-known textbook 
writer of a widely used series of elementary 
school, junior high school, and high school 
textbooks. For many years he has been 
Editor (1928) and later Consultant (1952) 
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of the J. B. 


Science Series. 


Lippincott Company School 
Textbooks of which Mr. 
Teeters has been author or co-author in- 
clude: 

General Science (with Anna Regenstein), 
Rand McNally Company, 1927. 

Early Journeys in Science (with Clara M. 
Heising), J. B. Lippincott Company, 1928. 

Editor of School 
Series: Grade 1, Science Along the Way, 
1951, 
Sun, 1951, 1956; Grade 3, Science Around 
the Clock, 1951, 1956; Grade 4, Science 
Across the Land, 1951, 1956; Grade 5, 
Science Through the Seasons, 1951, 1956; 
Grade 6, Science Beneath the Skies, 1951, 
1956; Grade 7, Exploring Modern Science, 
1951, 1956, 1959; Grade 8, Enjoying Mod- 
ern Science, 1951, 1956, 1959. 

General Science, 1955. 

Science for Everyday Use, 
1954. 

Biology for You, 1946, 1950, 1954, 1958. 

Chemistry for the New Age, 1949, 1954. 

Physics for The New Age, 1947, 1954. 


In addition to the above textbooks, there 


Lippincott Science 


1956; Grade 2, Science Under the 


1946, 1951, 


have been work books, manuals, tests, and 
teacher aids to accompany the above texts. 
During 1960 Mr. Teeters has just com- 
pleted revisions of some editions listed 
above. 

Mr. Teeter’s contributions to better sci- 
ence teaching have been extensive and in- 
tensive. The creation of the science series, 
of which he has been editor and consultant, 
has had a great influence on American 
science teaching through the many pupils 
and teachers that have used the texts, tests, 
manuals, work books, and teaching aids. 
Thousands of pupils and teachers have used 
these materials. His work as Supervisor 
of Physical and Biological Science for the 
St. Louis Public Schools for 18 years in 
fluenced all teaching of science in St. Louis 
during these years, and indirectly, many 


As Adminis- 
trative Assistant to the St. Louis Superin- 


areas outside of St. Louis. 


tendent of Instruction for 15 years, this in 
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fluence as a former science teacher and 
science supervisor was continued. As a 
science teacher, he exerted a great in- 
fluence upon the lives of many boys and 
girls who were pupils in his classes. Many 
of these pupils became doctors, chemists, 
technicians, teachers, engineers, bankers, 
lawyers, and even one U. S. Senator. 
Through all of his teaching, Mr. Teeters 
tried to impress boys and girls with the 
idea that knowledge is of the utmost im- 
portance and that through hard work and 
persistence most of them could reach most 


satisfying goals of life achievement. 


As to his philosophy of teaching and life, Mr. 
Teeters states he believes that teachers are more 
born than made. To teach one must know the 
subject matter he is to teach. <A high school 
teacher should have a master’s degree and even 
more graduate work in the subject he is teaching. 
A science teacher should be well grounded in the 
related sciences and a physics or chemistry teacher 
should be adequately trained in mathematics. At 
the high school level a Ph.D. is not necessary 
but a few courses in psychology, education, and 
measurement are necessary. 

In recent years there has been too great an 
emphasis upon “educational credits” and an un- 
desirable de-emphasis upon scholarly attainment 
in the content subject being taught. It is a 
mystery how anyone can be expected to teach some 
one else something that he himself does not know. 
State departments of education and many schools 
and colleges of education may be severely con- 
demned here. (The writer would suggest that 
possibly the greatest culprits of all for this state 
of affairs are the school superintendents and high 
school principals). 

Students need to be impressed with the necessity 
of hard work on their part and I do mean hard 
work. Too many of our students do not know 
what real study and hard work mean. One gets 
out of education just what he puts into it and no 
more. I do not believe in pampering students. If 
a teacher knows his subject and has patience with 
his students, he can do wonders with even the 
average student. Those below average should 
stay out of the scientific field. 

I further believe strongly in discipline. One 
cannot teach without order in the classroom. In 
too many cases discipline is a lost art, due all too 
often to the fact that the teacher really knows 
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very little about the subject matter he is attempt 
ing to teach. 
Do every job to the best of your knowledge and 


ability. If science teaches anything, it teaches 
truth. In life one must live by truth, let the 
chips fall where they may. Do not worry 
Ninety-five per cent of the things you normally 
worry about never arrive. Be tolerant of the 


other fellow. He may be right and you may be 
wrong. He may know more than you do. Be 
kind and live the best Christian Life you know 
how. 

Today too many children are the real boss in 
the home. The parents obey and the pupils expect 
the teachers to do likewise. As a result discipline 
has broken down in many schools and classrooms 
The average child has nothing to do—no or littl 
homework—no job. Idle hands lead to undesirabk 
activities. Too many parents harass the teacher 
and the principal when a pupil fails to perforn 
as he should. The difficulty has its source in the 
home and is ignorantly and or wilfully transferred 
to the teacher and the school. 

Since he has retired, Mr. Teeters has 
been busy revising numerous science text 
books, catching up on reading, and doing a 
number of things he never had time to do 
until now. He spends many pleasant hours 
in his workshop. He and Mrs. Teeters like 
to travel in Canada and New England, so 
travel is a most pleasurable activity. Hav 
ing led a busy, active life always, retire 
ment has not changed this very much, nor 
is it likely to do So. They expect to con 
tinue to live in their St. Louis home at 5448 
Clemens Avenue. 

In summary, Mr. Teeters may well be 
described as a noted science textbook writer 
school administrator, science supervisor fot 
many years in a large city school system, 
a top-notch classroom teacher of science, 
and a man with high ideals and ethical 
standards. 

It is with distinct pride that Mr. William 
Ray Teeters is made recipient of th 
Twenty-Second Science Education Recog 
nition Award. 


CLARENCE M. Pruitt 











ANNUAL MEETING OF THE ASSOCIATION FOR THE 
EDUCATION OF TEACHERS IN SCIENCE 


OcTOBER 29 AND 30, 1959 


TEACHERS COLLEGE, COLUMBIA UNIVERSITY, NEW YORK 27, NEW YORK 


CONFERENCE THEMES 


SciENCE EpUCATION FOR THE NEXT FIFTEEN YEARS 
-NUTRITION AND Its IMPLICATIONS FOR THI 
TEACHING OF ScIEN( FE 


OFFICERS 
President: George Zimmer, State University Col- 


lege of Education, Fredonia, New York. 
President-elect My 


Harold E. Tannenbaum, State 
University, New Paltz, New York. 
Vice-President: Herbert Schwartz, New York 


University, New York, New York. 
Secretary-treasurer: Willard Jacobson, Teachers 
College, Columbia University. 


EXECUTIVE COMMITTEE 


Frederick L. Fitzpatrick, Teachers College, 
Columbia University 
Charles Prewitt, Willimantic 
College 

Fletcher G. Watson, Harvard University 


State Teachers 


CONFERENCE CHAIRMAN 


Harold Tannenbaum, State University College of 
Education, New Paltz, N. Y. 


CONFERENCE REPORTER 


Reuben Pierce, Virginia State College 


THURSDAY, OcToBER 29, 1959 

Room 256, THompson HALL 
ScIENCE EpUCATION FOR THE NEXT FIFTEEN YEARS 
Chairman: George Zimmer, President A.E.T.S. 


9 :00-10 :00 Registration and Coffee Hour 

10:00 Welcome—Hubert Evans, Professor, De- 
partment of Teaching of Science, Teachers 
College, Columbia University. 

10:15 The Current Status of and the Future of 
Science Education as seen by the Science 
Yearbook Committee of N.S.S.E. 

J. Darrell Barnard, Chairman, Department of 
Science and Mathematics Education, School 
of Education, New York University. 

11:15 The Current Status of and the Future of 
Science Education as seen by the Policy 
Committee of Science Manpower Project. 

Frederick L. Fitzpatrick, Chairman, Depart- 


ment of Teaching of Science and Director of 
Science Manpower Project, Teachers College, 
Columbia University. 

12:30 Informal luncheon meeting. 

2:30-5:00 Education of Teachers in Science dur 
ing the Next 
Thompson Hall. 

Chairman: Fletcher G. Watson, Harvard Uni 
versity. 

Panel Members: Robert 
Science Teachers 
dD. G. 

John B. Chase, The 
Carolina 

Norborn M. L. Felton, San Jose State College. 

Frances Miner, New York University. 

Hugh Templeton, State Education Depart 
ment, Albany, New York. 

George Pitluga, State University College of 
Education, Oswego, New York. 

Joseph Zafforoni, University of Nebraska. 

:00-6 :00 Meeting of Officers and Executive 
Committee, Room 412, Teachers College, 
Main Hall. 

:30 Dinner, Men’s Faculty Club, 117 Street and 
Morningside Drive. 

Chairman: Harold E. Tannenbaum, President- 
elect, A.E.T.S., The A.E.T.S., the N.S.T.A., 
and the A.A.C.T.E. 

Panel: Robert Carleton, 
Barker, A.A.C.T.E. 


Fifteen Years, Room 256, 


Carleton, National 
Association, Washington, 


North 


University of 


on 


N.S.T.A., Kenneth 


Fripay, Octoser 30 
ScIENCE EDUCATION AND THE STUDY OI! 
Foop AND NUTRITION 

9 :00-11:30 Chairman: Charles Prewitt, Willi- 
mantic State Teachers College. 

Address: “Nutrition and the Population Prob- 
lem,” Phillip Bacon, Associate Professor of 
Geography, Teachers College, Columbia Uni 
versity. 

Address: “Developments in the Science of 
Nutrition,” Edna Sostman, Associate Profes- 
sor of Home Economics—Nutrition, Douglass 
College, Rutgers—The State University, New 


Jersey. 
12:00 Lunch, Men’s Faculty Club, Columbia Uni 
versity. 
Chairman: Herbert Schwartz, Vice-president, 
A.E.T.S. 
Address: “Approaches to Nutrition Education 


to Meet Local Needs,” Clara M. Taylor, Pro 
fessor of Nutrition, Teachers College, Colum 
bia University. 
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2:30-5:00 Field Trip to Research Center, Gen- 
eral Foods Corporation, Tarrytown, New 
York. This trip is an unusual one and will 
require an exact count. Please sign up for 
it as early as possible. 

:30 Dinner, Men’s Faculty Club, Columbia Uni- 
versity. 

Chairman: Robert Wickware, Willimantic State 
Teachers College. 

Address: “Nutrition Education in Elementary 
and Secondary Schools,” Betty Lockwood 
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Wheeler, Director, Nutrition Education Re 
search, Central Michigan College. 

Panel: George Crawford, Supervisor of Cur 
riculum, Maryland State Department of Edu- 
cation. 

Abe Fischler, Assistant Professor of Science 
Education, Harvard University 

E. R. Meinders, Principal, Sparta Publi 
Schools, Sparta, New Jersey 


The Association dues are one dollar per a 


TEACHERS COLLEGE, COLUMBIA UNIVERSITY 


New YorkK 27, NEw YORK 


A.E.T.S., September 28, 1959 
Dear Colleague: 

You will note from your copy of the 
A.E.T.S. program that a very important 
business meeting has been scheduled for 
Thursday evening, October 29. The execu- 
tive committee hopes that everyone will 
extend himself to be present. At that time 
the final decision with regard to the future 
of the A.E.T.S. will be made. In order to 
bring everyone up to date on this matter, 
the following report is given: 

At the meeting of the A.E.T.S. held in 
Atlantic City on Tuesday, March 31, 1959, 
it was proposed that A.E.T.S. take one of 
four possible courses of action: 

(a) that it become closely associated with A.A. 
A.S. and that it seek sectional status in 
A.A.ASS. ; 

(b) that it become an affiliate of A.A.C.T.E.; 

(c) that it become a section of N.S.T.A.; 

(d) that it remain an independent organization 
but seek ways of expanding its scope and 
influence from its present situation in the 


northeastern section of the country to one 
of national proportions. 


The executive committee was instructed 
to consider these four alternatives and to 
make recommendations based upon the fol- 


lowing considerations : 


(1) Under which aegis could the A.E.T.S. find 
its optimum role as the organization con- 
cerned with the education of teachers in 
science ? 

(2) In which situation could a program for 
the consideration of problems of teacher 
education in science be launched on a na- 
tional scale? 


(3) Which of the four alternatives might pro 
vide the best means for publishing the re 
sults of discussions, papers dealing witl 
teacher education in science and of provid 
ing recessary office help for such a proposed 
organization? 

What form of organization could lead to 
the best situation for national meetings of 


.ELT.S.? 


+ 


In accordance with the mandate of the 
membership, the executive committee has 
looked into the four possibilities and the 
following are its findings: 

A.A.A.S. offers a_ sectional affiliation 
through section X which is the miscellane- 
ous section of that organization. Affiliation 
through section X would neither cost any 
thing nor bring any financial help. How 
ever, more important is the fact that Dael 
Wolfe of the A.A.A.S. and the executive 
board of A.E.T.S. are agreed that Science 
would not be an appropriate journal for 
the publication of our materials. There is 
the possibility that some of our materials 
might be mimeographed and _ circulated 
through the medium of A.A.A.S. offices, 
but this is by no means certain. The execu 
tive committee does not feel that A.A.A.S. 
affiliation offers any major advantages and, 
therefore, recommends against this course 
of action. 

On the other hand, both the A.A.C.T.E 
and N.S.T.A. organizations will be able 
and willing to provide the kind of help and 
the necessary forum to carry on the work 
\.A.C.T.E 


is now in the process of forming a group 


outlined by the membership. 
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of associated organizations and they would 
welcome A.E.T.S. as the associated science 
organization. We could have represen- 
tation on their Board, channels of communi- 
cation through their journal (The Journal 
of Teacher Education), and generally work 
with both the central organization and the 
other associated organizations. Further- 
more, if we should wish to do so, we can 
hold a meeting of A.E.T.S. in conjunction 
with the annual convention of A.A.C.T-.E. 
in Chicago each February. 

N.S.T.A. also offers a very satisfactory 
forum for our activities. We have been 
advised that we can seek and obtain sec- 
tional status in N.S.T.A. and can thus 
retain autonomy while enjoying the ad- 
vantages of N.S.T.A. affiliations. Our 
function as a part of N.S.T.A. would be 
to coordinate all of the teacher education 
work in the area of science. We also could 
publish in The Science Teacher and would 
have sessions at the national and regional 
meetings of N.S.T.A. and special responsi- 
bility for those phases of the general pro- 
gram which relate to teacher education. It 
is suggested that A.E.T.S. have regional 
sections which might match those of N.S. 
T.A., but this is by no means essential. 

Since both of these larger organizations 
offered so many possibilities, and since they 
seemed to serve different needs, a confer- 
ence was held with representatives from 
each of the three organizations concerned. 
Here are the suggestions which came from 
this meeting : 

1. That A.E.T.S. become a section of N.S.T.A. 
with full sectional responsibility and auton- 
omy as provided in the bylaws of N.S.T.A. 
That its purpose as a section of N.S.T.A. 
be to deal with teacher education in science. 
That A.E.T.S. (as a section of N.S.T.A.) 
become an associated organization within the 
A.A.C.T.E. structure and participate in for- 
mulating a sound program for teacher edu- 
cation in science within a total teacher edu- 
cation plan. 

3. That the present A.E.T.S. group become a 
regional group of the new organization, and 
that other regions form similar groups and 


carry out regional programs as they can. 
These regional groups should have some 


NO 


[Vor. 44, No. 4 


college as a base for a period of at least 
three or four years and the secretary-treas- 
urer of any new region should agree to 
accept the responsibility for that position 
for at least three years. 

4. That regional groups hoid annual meetings 
in the fall of the year, thus the meetings 
which have been held annually at Teachers 
College would continue. These meetings 
would be the responsibility of the members 
in each region. 

5. That the national meeting of the A.E.T.S. 
be held in conjunction with the N.S.T:A. 
meeting. That this meeting be devoted to 
problems directly concerned with science- 
teacher education. 

6. That, if it seems advisable in two or three 
years, the possibility be considered of hold- 
ing another set of national meetings in con- 
junction with the annual A.A.C.T.E. meet- 
ings in Chicago, these meetings to be devoted 
to general teacher education problems in 
science. 

That the development of teacher education 

in science and the necessary communications 

and publications be promoted through the 
national offices of both N.S.T.A. and 

A.A.C.T.E. 


oz) 


“I 


As far as the fourth alternative is con- 
cerned, that of remaining as we now are, it 
seems to have only one advantage. We 
would continue as a small, friendly, and 
exclusive group. It should be noted that 
affiliation with N.S.T.A. and A.A.C.T.E. 
would allow us to continue our regional 
meetings in the New York area, and so 
the intimacy of our present organization 
would not be lost. 

In the light of all the above information, 
we recommend that the national A.E.T.S. 
be organized as a section of N.S.T.A. and 
as an associated member of A.A.C.T.E. At 
our evening business meeting, Bob Carleton 
from N.S.T.A. will be present and so will 
Ken Barker from A.A.C.T.E. Please come 
prepared to decide this matter. Raise any 
questions which seem appropriate and make 
any suggestions which are pertinent. 

If you wish any further information on 
this matter, communicate with Harold 
Tannenbaum, College of Education, New 


Paltz, New York. 


Haro_p E. TANNENBAUM 
WILLARD JACOBSON 
(for the Committee) 
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REPORT OF THE ASSOCIATION FOR THE EDUCATION 
OF TEACHERS IN SCIENCE 


REUBEN G. PIERCE 


= recent years there have been important 
developments in science and science edu- 
cation. In recognition of the developments 
in science education, the Association for 
the Education of Science 
(A.E.T.S.) chose as one of its themes for 
the Fall 1959 conference, Science Education 
for the Next Fifteen Years. One of the 
sciences in which there have been great 
advances is the science of nutrition. To 
become informed of these changes and 


Teachers in 


their implications for science education, 
A.E.T.S. chose as its second theme, Nutri- 
tion and Its Implications for the Teaching 
of Science. 

In the opening session Dr. J. Darrell 
Barnard, Chairman of the Department of 
Science and Mathematics Education, School 
of Education, New York University, spoke 
on “The Current Status and Future of 
Science Education as Seen by the Science 
Yearbook Committee of NSSE.” Dr. 
Barnard pinpointed the issues and problems 
related to science education as seen by the 
Yearbook Committee. 

In considering the future, Dr. Barnard 
noted a distinction between what the nature 
of science education ought to be during 
the next fifteen years and what it will be. 
Basing his outlook upon the past, he em- 
phasized that we should not expect too 
much in the way of new developments in 
educational theory. The changes which 
took place between the 31st and 46th Year- 
books were not great, and there have been 
no great changes between the 46th and 
the 59th Yearbooks. One important dif- 
ference is that now science education is 
receiving support from scientists as well 
as from science educators. In the past, 
educational practice has lagged fifty years 
behind theory, but now it is likely that we 
will have to change this figure as practice 
is catching up with theory. 


Dr. Barnard then discussed the chapter 
of the Yearbook with the 
problems and issues in science education. 


which deals 
The important issues and problems were 
ones which had been discussed by science 
teachers in various types of articles and 
publications and commented upon by sci- 
entists. It was noted that many of these 
were of long standing, such as the problems 
and issues relating to the shortage of teach- 
ers, accelerated students, the need for man- 
power, finance, organization, public inter- 
est, and optimum size of schools. Regard- 
ing the issues, it was pointed out that their 
importance was not the same at all levels 
of our school systems and that perhaps 
they were more significant in the junior 
He stated that 
science education will have to be brought 


and senior high schools. 


into coordination with the ideals of both 
science and education. 

Some examples of issues and problems in 
science education and Dr. Barnard’s re- 
actions to some of them follow: 

1. Should there be a National Science 

Curriculum? Dr. Barnard noted that 
such a curriculum could serve as a 
guide for local schools. 

. Who would be on the National Com- 
mittee ? 
tion, Dr. 


decisions will be made on the national 


bo 


Without answering the ques- 
Jarnard indicated that more 


level. 


w 


. How can a twelve year or K-12 science 
program be articulated? There has 
been poor articulation in our science 
program. Perhaps, part of the remedy 
is teaching in greater depth. 

4. What will be the basis for the selection 
of science content? A “weeding out” 
must precede the modernization of sci- 
ence courses. 

5. How should the science sequence be 


organized? Dr. Barnard noted that 








is) 
un 
bo 


Oth grade science is a real problem 
in view of the growth of 7th and 8th 
grade science. 


Dr. Barnard pointed out that the pro- 
gram for gifted students should emphasize 
more sophisticated aspects of science. In- 
dividual projects and research might be 
key aspects of these programs. Perhaps 
two-lane or three-lane science courses are 
needed. The value of duplicating college 
material in high school science courses, 
however, is questionable. 

It is imperative that there be supervi- 
sion of science teaching. Dr. Barnard em- 
phasized that someone must be responsible 
for planning and organizing the science 
program from the elementary school through 
the high school. 

With regard to time for science teaching, 
it was stated that in the elementary school 
it is a question of finding some specific 
time, while in the high school it is a ques- 
tion of the redeployment of time. The 
high school teacher’s work can be made 
more effective through the use of assistants. 

Professor Frederick L. Fitzpatrick, 
Chairman of the Department of Teaching 
of Science and Director of the Science 
Manpower Project, Teachers College, Co- 
lumbia University, in speaking on the same 
topic, indicated that the basic aims of the 
Science Manpower Project include (1) ar- 
ticulation, modernization and general up- 
grading of the science curriculum, (2) the 
establishment of an effective program on 
ali levels, and (3) the training of an ef- 
fective teaching corps. The types of pub- 
lications which are being prepared by the 
Project to implement its aims are (1) re- 
search studies which bear on the problem 
of scientific manpower and (2) a series 
of courses of study for physics, chemistry, 
biology, general science, and elementary 
science. These courses of study will be 
articulated and will emphasize new con- 
cepts and theories. 

The Policy Report of the Science Man- 
power Project is addressed to the public, 
school officials and administrators, and sci- 
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ence teachers. The Policy Report deals 
with many significant problems related to 
science teaching and makes some recom- 
mendations for the solution of those prob- 
lems. 

Dr. Fitzpatrick noted that there is no 
one group that decides educational policy, 
but rather policy making has a local com- 
munity flavor and is therefore not uniform ; 
it involves lay citizens, superintendents of 
schools, boards of education and other ad- 
ministrators, state policy groups, national 
groups, educational and scientific societies, 
and teachers. The diversity of persons 
involved clearly points to a need for good 
public relations. A stated policy that runs 
through American eduaction is that educa- 
tion should be designed and maintained to 
develop every student to the fullest extent 
of his capacities. But before this becomes 
universally possible, public attiudes toward 
academic achievement will have to be 
changed. As shown by the history of edu- 
cation in other lands, such as Russia, it 
is possible to have public recognition of 
academic achievement. Attitudes need to 
be changed in and out of schools and one 
place for the education to begin is in the 
school. Here, academic achievement should 
be recognized just as the familiar extra- 
class achievements are recognized. 

The responsibility for the sub-standard 
operations in the schools lies not just with 
the teachers, administrators and _ other 
school officials, but with the public as 
well. The public has an obligation to pro- 
vide funds for personnel, facilities and 
equipment, but the public too often has not 
met this obligation. 

Dr. Fitzpatrick pointed out that special 
high schools, such as the Bronx High School 
for Science, have made good records. 
Homogeneous grouping as in special high 
schools for accelerated students, has been 
criticized as being undemocratic; but para- 
doxically, there is no criticism of schools 
for the mentally retarded. One alterna- 
tive to homogeneous grouping is reduction 


in class size to a point where the teacher 
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can deal effectively with the individual 
student. 

In answer to the question of what pro- 
gram should be recommended, it was sug- 
gested that (1) there be an elementary sci- 
ence program from the _ kindergarten 
through the sixth grade, that science be 
regarded as the 4th R, and that it receive 
as much emphasis as the traditional 3 R’s; 
(2) junior high school science should con- 
sist of 5 periods of instruction (per week) 
in three grades (7th, 8th, and 9th) and be 
based upon and articulated with the ele- 
mentary science program. This program 
should lead to a 10th grade science educa- 
tion equal to that received by a senior in 
1950; (3) biology, chemistry and physics 
should be retained in the senior high 
school, but since much of what has been 
done in these areas is being covered earlier 
in the student’s education, the courses will 
have to be more advanced. 

As to what part of the program should be 
mandated (i.e., be required of all students ), 
Dr. Fitzpatrick pointed out that all stu- 
dents should take the science sequence 
through the junior high school. For the 
senior high school, a division of the students 
into three groups was recommended: 
(1) those who will terminate their formal 
education upon graduation from high school 
should probably take at least one science 
course; (2) those who are going on to 
college should take one course in biology 
and one in physical science; (3) for the 
special academic group that has high sci- 
ence interests and aptitudes, no mandate 
appeared to be necessary or desirable be- 
cause such students characteristically elect 
science courses. 

The new science courses that are being 
prepared should (1) provide articulation 
between the various levels of our schools, 

2) be modern in terms of content, (3) em- 
phasize the basic theories and principles 
of science, and (4) give atention to the 
needs of gifted children. It was pointed 
out that a course of study is not to be 


regarded as a straitjacket or a blueprint, 
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but rather it is to serve as a guide in devel- 
oping the science program at the local level. 

Regarding methodology, Dr. Fitzpatrick 
pointed out that no single method of teach- 
ing science will guarantee that everyone will 
learn science. There is no “perfect method.” 
We should use the problem solving method 
in addition to others, and our selection of 
a method of teaching science should take 
into consideration the individual differences 
of the students and the appropriateness of 
the method to the material being taught. 
The teacher needs to know the subject mat- 
ter that he is to teach and he needs to know 
how to teach it. Employers of teachers 
should seek to get persons who have at 
least the approximate qualifications for a 
position. In the past, we have operated in 
a deficit situation in terms of qualified teach 
ers, but now, some headway is being made 
in meeting this need. State and municipal 
scholarships, in-service programs at the 
local level, and the National Science Foun- 
dation Institutes are means by which the 
need for better-trained teachers is being 
met. A very urgent need of schools is a 
large supply of good teacher candidates 
and a good program of in-service training. 

Dr. Fitzpatrick protested very strongly 
against the misconception that is much too 
widespread that the high school (science) 
teacher has ample leisure time and all of 
the things needed for effective instruction. 
Actually many teachers lack adequate time 
to plan for, and carry through good teach- 
ing because of numerous extra-class activi- 
ties and administrative paper work, and 
many schools have substandard facilities 
and equipment. 

Regarding teacher education, Dr. Fitz- 
patrick stated that in the past, many pro- 
spective elementary school teachers have 
been required to take six to twelve semester 
hours of science. This provision is now 
clearly seen to be inadequate. The ele- 
mentary school teacher should have at least 
twenty-four semester hours of science in- 


struction. The secondary school science 
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teacher, in five years, will complete be- 
tween 150-160 semester hours of college 
courses. Of this total, fifty-two to seventy 
hours should be in science. Generally, the 
secondary science teacher is not required 
to take more than eighten semester hours 
in professional courses, and this is not be- 
lieved to be excessive, inasmuch as it in- 
cludes student teaching and special methods. 

The afternoon session was devoted to a 


““ 


panel discussion. The topic was “Educa- 
tion of Teachers in Science During the 
Next Fifteen Years.” The participants 
were: Mr. Robert Carleton, Executive Sec- 
retary of N.S.T.A., Washington, D. C.; 
Professor John B. Chase, University of 
North Carolina; Dr. Norborn M. L. Felton, 
San Jose State College; Mrs. Frances 
Miner, New York University; Mr. Hugh 
Templeton, State Education Department, 
Albany, New York; Dr. George Pitluga, 
State University College of Education, 
Oswego, New York; Professor Joe Zaf- 
foroni, University of Nebraska; and Pro- 
fessor Fletcher G. Watson, Harvard Uni- 
versity, acting as Chairman. 

Generally, it was felt important that pro- 
spective teachers become informed about 
what is going on in other fields of knowl- 
edge so that they may know where science 
education fits into the total educational pic- 
ture. In the future, there will probably 
be an emphasis on workshops, short 
courses, and institutes, which will involve 
everyone concerned with teacher education. 
Other programs which have some promise 
are the field courses for the in-service train- 
ing of teachers, and a fifth-year program 
designed to be flexible enough to meet the 
diversity of needs and backgrounds of per- 
sons not having taken a teacher-education 
program initially. While a knowledge of 
subject matter is essential in any teaching 
situation, just requiring more subject mat- 
ter is probably not the answer to the prob- 
lems of teacher education which face us 
today. One need expressed was to help 
prospective teachers see the interrelation- 
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ships between the areas of science and the 
experiences which are a part of the every- 
day lives of children. Teachers must 
create an awareness on the part of students 
that science represents an effort to interpret 
the world around them. 

One way that the recruitment of good 
science teachers can be facilitated is to 
counteract some of the factors that lower 
the standards of the teaching profession. 
We must insist on good programs for 
teacher preparation, and greater care should 
be taken in teacher certification. 

One of the most significant statements 
was made by Dr. George Pitluga. He 
expressed the hope that in the next fifteen 
years those concerned with the education 
of teachers in science, especially at the 
secondary level, would recognize their dual 
function: education for citizenship and 
education of scientists. Ninety-five per cent 
of the students in our secondary schools 
will never make their living in the field 
of science. The influence of this ninety-five 
per cent on what is done in the field of 
science, and with the findings of science, 
may well be greater than that of the other 
five per cent. The former are the ones 
who will determine by their vote such 


issues as: 


1. How much, if any, further bomb test- 
ing should be done? 


bo 


. What will be the nature and the mag- 
nitude of the support of scientific re- 
search in America? 

3. What influence does the explosion of 
world population have on the nature 
of legislation for the conservation of 
our resources (natural and human) ? 


Dr. Pitluga sees the training of the 
teacher to teach “Science for the Citizen” 
as being very different from that of the 
teacher of “General Science” or “A Sur- 
vey of the Physical Sciences.” Regarding 
the training of the teachers of the other five 
per cent—our next generation of scientists 
—Dr. Pitluga expressed the hope that 
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“those responsible for the preparation of 
teachers in science would carefully examine 
the semantics of the term ‘Science’ ; that is, 
what it is that science teachers should 
teach.”” Such semantic evaluation has been 
lacking in the past. Too often we have 
confused the history of science with what 
science really is—a way of investigating 
the world. We have acted as though you 
make a scientist by leading the student 
step by step to each fact or principle that sci- 
entists before him have contemplated. It is 
perhaps significant that ninety per cent of 
all the scientists who ever lived are alive 
today. Our knowledge of science is ex- 
panding so rapidly that it is no longer pos- 
sible for us to give the student all of this 
information and ultimately bring him in 
contact with the frontiers of science. Dr. 
Pitluga said that we must make a begin- 
ning in the next fifteen years of emphasizing 
science as a way of finding out about the 
world. “Science teachers must be trained 
who can help young people practice the 
methods of discovery on ever increasingly 
complex levels.” 

The Friday meeting was devoted to the 
topic: “Science Education and the Study of 
Food and Nutrition.” It is significant that 
an entire day was devoted to this topic. 
It signifies recognition of the gap between 
the nutritional practices of the American 
people and the wealth of knowledge avail- 
able for application. No less significant is 
the recognition that nutrition problems are 
global. 

Dr. Phillip Bacon, Associate Professor 
of Geography at Teachers College, Colum- 
bia University, speaking on the topic “Nu- 
trition and the Population Problem,” noted 
that some two billion eight hundred million 
people now feed at the earth’s dining table 
and another million new arrivals pull up 
their chairs each week. World population 
will double by the turn of the century. 
It is those areas that are least developed 
that are demonstrating the greatest rate 
of population growth, at least partially be- 
cause of more effective health practices. 
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These peoples are on the way to doubling 
their numbers each generation. Many im- 
poverished men and women are no longer 
content to live in want. Because of modern 
communication facilities these people are 
aware of higher standards of living and 
they may strive to attain them by violent 
means. This potential population explo- 
sion colors our entire view of world affairs. 
The amount of arable land will decrease in 
the year 2000 from the present 1.3 acres 
per person to .7 acres per person. We 
cannot dismiss this question by saying that 
men have always competed for food and the 
land from which to procure it. There may 
be conflicts unless we ask ourselves some 
pointed questions about land use potentials. 
At least sixty per cent of the world’s land 
surface is climatically useless. Less than 
a quarter of the earth’s surface has soils 
that are useless for growing crops. We 
can reclaim marginal land, but there are 
diminishing returns in yields with increas- 
ing costs per acre. Improved techniques 
and seeds must provide the major amount 
of the increased food production necessary 
to meet the needs of an expanding popu- 
lation. 

Dr. Bacon indicated that there are no 
longer extensive uncultivated areas worth 
developing. Until we learn how to use 
land in the Arctic and the tropics, it is 
quite possible that the world is near the 
peak of total cultivated acreage. World 
population is now increasing at the rate of 
1.8 per cent per year, but this need not 
mean diminished food, for we surely will 
secure greater yields through more efficient 
employment of our better land. But the 
point of all this is that if more food is 
needed, geography cannot offer new land 
of much value. The good land is essentially 
all in use, and the major map boundaries 
of cultivated land have become stabilized. 

At the moment, half of the world’s pop- 
ulation lives in a permanent state of hunger. 
If maximum crop yields could be attained, 
world famine and malnutrition could be 
eliminated for the people now living on the 
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earth. The maximum population which 
soil resources might support depends on 
the standard of living and many other vari- 
ables. But whatever the number, this max- 
imum population can be attained only with 
The U. S., 
for example, would have to accept her due 


the freest possible migration. 


share of the world population—say some- 
where in the neighborhood of 800,000,000 
to one billion additional people. 

On the basis of geographic evidence, 
Dr. Bacon suggested that our food poten- 
tial is adequate for all the population likely 
to inhabit the earth during the 20th century. 
It is unfortunate, however, that the areas 
where production can be increased do not 
correspond with the present areas of ex- 
cess people. before anyone can predict 
the potential extent of arable land, or of 
food supply, or of world population, we 
must fundamental 


greatly extend our 


knowledge of land itself. To all this, geog- 
raphy offers an essential preface. 

Dr. Edna Sostman, Associate Professor 
of Home Economics-Nutrition, 


University, 


Douglass 
College, Rutgers—The State 
New Jersey, spoke on “Developments in 
Nutrition.” 
noting some of the problems of nutrition 


the Science of She began by 
such as surpluses and under-nutrition. Dr. 
Sostman suggested that an answer to many 
of our problems may be found in the study 
of “space nutrition.” Many of the concerns 
of space nutrition center around the space 
traveller and the attendant problems that 
will face him. The astronaut would require 
about two and a half pounds of food per day. 
At this rate, it is now estimated that enough 
food to last one person six months can be 
carried on a space trip. Foods which are 
ranked low socially sometimes receive a 
high rank in space considerations. For 
optimum nutrition, food should be con- 
sumed every two to three hours. Food 
would probably be prepared in tubes from 
which it could be ingested. For short 
trips, foods which leave little or no residue 
be desirable. Dr. 


would Sostman noted 


that experiments are being carried on in 
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this area by the U. S. Air Force, and that 
the results of some of them are promising 
High protein diets of dehydrated foods 
show particular promise for space travel ; 
but even in this case, there are problems 
which have to be solved. Among the 
questions still to be answered are those con 
cerning whether substances of higher caloric 
density than carbohydrates, proteins and 
fats can be added to food, the possibiiity 
of using certain algae as food-makers at 
space stations, and the effects of zero grav 
ity on plant growth. 

Turning to some practical problems at 
home, Dr. Sostman directed attention to 
the fact that supermarkets stock between 
four and five thousand different food items 
(potatoes are found in twenty-two different 
forms). A third of the that 


are in the stores were not known ten years 


food items 
ago, and it appears that we may have an- 
other 2,000 food 
years. A family of four spends an average 
of $1,600 per year for 34 to 4 tons of food. 
The net bill for the nation is $350 billion 
per year. 


forms in the next ten 


Much of the spending in this 
big business is not always wise. Even 
though adequate food is available, under- 
nutrition persists. An answer to this prob- 
lem lies in consumer and nutrition edu- 
cation. 

Dr. Sostman pointed out that, nutrition- 
ally speaking, boys do much better than 
teenage girls; that boys, however, some- 
times fail to obtain enough calcium and 
vitamin C after age seventeen. Teenage 
girls and young women, who are generally 
weight conscious, tend to be deficient with 
respect to all nutrients. Pregnancy in young 
women often accentuates the problem of 
diets that are already deficient. 

Secause of the many labor-saving devices 
employed in modern life, the calorie require- 
ment of many people has decreased. Be- 
cause of this, the nutrients which accom- 
pany these calories become more important. 
Industry, through the addition of specific 
nutrients to food products, is helping us to 


meet this problem. However, Dr. Sostman 
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pointed out, there are instances where such 
addition is not sensible and may even lead 
te a dietary imbalance. Often advertise- 
ments of these additions results in miscon- 
ceptions by the consumer, for he may not 
know the difference between the Recom- 
mended Dietary Allowance and the Min- 
imum Daily Adult Requirement. Dr. Sost- 
man emphasized that the best defense 
against food and vitamin faddists, and mis- 
leading advertising is an informed public. 

In noting the relationship between serum 
cholesterol and heart disease, Dr. Sostman 
pointed out that studies do not agree as to 
the effect of certain polyunsaturated fatty 
In the 
light of these studies, Dr. Sostman sees the 


acids on serum cholesterol levels. 


need to (a) develop practical diets for use 
by the general public, (b) demonstrate that 
people can be induced to modify diets over 
a period of time, and (c) demonstrate that 
changed diets will be accompanied by favor- 
able changes in morbidity and mortality due 
to heart diseases. Another study suggested 
the importance of factors other than diet 
stress, exertion, and competitiveness—in 
the etiology of coronary disease. 

Dr. Clara M. Taylor, Professor of Nutri- 
tion in Teachers College, Columbia Univer- 
sity, spoke on the topic, “Approaches to 
Nutrition Education to Meet Local Needs.” 
Dr. Taylor began by focussing attention on 
the progress that has been made in over- 
coming deficiency diseases, and by pointing 
to the job that remains of interpreting the 
wealth of nutrition information that is avail- 
able to people in such a way that this infor- 
mation becomes functional in their lives. 

For a nutrition education program to be 
effective, it must have several important 
characteristics. It must be a continuous 
program from the kindergarten through the 
high school; it should be an integrated part 
of the total school program for every boy 
and girl; it should center around the essen- 
tial foods and their value and importance. 
(For this, the foods which are available in 
the local situation should be kept in mind. ) 


The program should be planned so that it 
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contributes to the mental and physical de- 
velopment of children; it should be a part 
of the regular classroom curriculum and 
related to other areas such as science, social 
(It should 
not be taught only as an incidental part of 


studies, health, and family life. 
the curriculum.) The program should be 
appropriate to the cultural background and 
economic level of the children for whom it 
is planned. It must provide interesting and 
exciting experiences. The school lunch- 
room, where it exists, should be a labora 
tory where ideas can be tested, and a place 
for parent meetings and many other impor- 
tant aspects of nutrition-education pro 
grams. 

Some essentials for the development of a 
good program include the cooperation of 
all teachers and administrators concerned, 
the strengthening of the background of 
teachers in nutrition through in-service 
courses, workshops and related activities, 
and the use of specialists in initiating the 
program. The teacher is in a strategic posi 
tion to help with the surveys which serve 
to determine the direction of a nutrition- 
education program and give information 
regarding the food habits, availability of 
food, and other conditions. Parents can 
help to make the program effective. An- 
other important feature of a good program 
is that the program is evaluated as it pro 
ceeds. 

Dr. Taylor pointed out that in an effec- 
tive program some attention should be given 
to nutrition education activities at the var 
ious grade levels. She suggested that in 
the lower elementary grades, the activities 
should be centered around helping the child 
become acquainted with a wide variety of 
foods. Activities may take the form of 
identifying foods in the raw state, the simple 
classification of foods into such divisions 
as vegetables (green or yellow) and fruits. 
“Tasting parties” can also become educa 
tional activities. Children may keep pets 
and be responsible for feeding them; they 
may cook foods such as oatmeal. In the 


upper elementary grades, the activities may 
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be geared to helping children understand 
that the food that we eat makes a difference 
and why it makes a difference. Here, good 
animal demonstrations and experiments can 
At the end of the 
6th grade, students should have a knowl- 


make a real contribution. 


edge of the nutrients which are important, 
and how to get them. Dr. Taylor suggested 
that in the junior and senior high schools, 
we might emphasize the differences in foods, 
and how one may be substituted for another. 
Activities may take the form of the calcu- 
lation of food values in various ways, and 
animal experiments which make use of the 
experimental approach in determining the 
effects of different diets. 

Dr. Taylor pointed out the wealth of 
illustrative material which is available for 
but 
she warned that a misunderstanding and 


use in nutrition-education programs, 
improper use of these materials can have 
serious consequences in affecting the atti- 
tudes of children toward nutrition educa- 
tion. Some charts which classify foods into 
dietary requirements may be oversimplified 
or quite misleading. Dr. Taylor, with the 
aid of charts, pointed out the contribution 
that some very familiar foods make to our 
She concluded her 
presentation by showing color slides which 


dietary requirements. 


told the story of how one school and com- 
munity developed and carried through a 
program in nutrition education. 

In the afternoon, Association members 
travelled to the Research Center of the Gen- 
eral Foods Corporation at Tarrytown, New 
York. The features of the trip were the 
tour of the Center, and a talk given by Mr. 
Reinhardt Thiessen, Laboratory Director 
in the Chemical Research Area. 

At the final meeting, Dr. Betty Lockwood 
Wheeler of Central Michigan State College 
gave an address, “Nutrition Education in 
Elementary and Secondary Schools.” It 
was pointed out that an effective nutrition 
education program is not a short term pro- 
gram; it is a program in which the com- 
munity is an essential element. In this 
program, it must be remembered that we 


ScIENCE EDUCATION 


[ Vo. 44, No. 4 


are working with people whose habits are 
well established and that what people eat 
is a personal thing. Eating habits are passed 
from generation to generation. Some of the 
problems in nutrition education stem from 
an attempt at education with a shortage of 
facts and ever-present food fads and falla- 
cies. Dr. Wheeler suggested that nutrition 
education programs should have continuity, 
and be based on facts and a knowledge of 
nutrition. Nutrition education must also be 
based on the needs of children. It may have 
as its starting point intake surveys, or the 
It should 
involve the entire faculty of a school and 


simple observation of children. 


the people in the community. The school 
lunch program can supplement the class- 
room efforts in nutrition education. Poor 
food habits will show up in surveys, and 
while children’s reports on their diets may 
not be reliable, at least they provide a start- 
ing point. 

Dr. Wheeler also felt that nutrition edu- 
cation should begin with young children in 
the primary grades. Objectives at this 
grade level might include knowing a variety 


of foods, eating a variety of foods, and 
engaging in a variety of experiences and 


activities. In the third and fourth grades, 
“what you eat’ and 
what happens to the body in relationship 
to what is eaten. Appeal to boys may be 


emphasis may be on 


made on the basis of strength, and to the 
girls on the basis of appearance. Consumer 
education should receive a strong emphasis 
Dr. Wheeler indicated that 
at the fifth and sixth grade level, the em- 


at this time. 


‘ 


phasis should be on the “why” and matters 
of scientific interest. The questions asked 
by children provide many opportunities for 
experiments, observation and problem solv- 
ing. The lunchroom experiences should be 
seen as part of the nutrition education pro- 
gram, and it is desirable for teachers to 
eat with boys and girls. For many boys 
and girls, junior and senior high school 
represent the last chance for getting any 
formal nutrition education. In conclusion, 


Dr. Wheeler noted the importance of nutri- 
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tion education as a part of the health educa- 


tion program. 

A panel consisting of Mr. George Craw- 
ford, Supervisor of Curriculum, Maryland 
State Department of Education; Dr. Abra- 
ham Fischler, Assistant Professor of Sci- 
ence Education, Harvard University; Mr. 
E. R. Meinders, Principal, Sparta Public 
Schools, Sparta, New Jersey; and Dr. 
Robert Wickware (moderator) of the Con- 
necticut State College at Willimantic, made 
some timely observations with reference to 
how nutrition-education programs may be 
improved. It was pointed out that any pro- 
gram that prevents extreme cases of mal- 
nutrition and restores children to good 
health is worth the effort. The need for 
a positive program may begin with simple 
observations of children and their behavior, 
but the program will not succeed without 
involving the support of the community. In 
one county in Maryland, federal, state and 
local agencies, dairy companies, and similar 
agencies worked toward a more effective 
program. Here, too, the program started 
with the needs of children. The question 
of what science education does to prepare 
teachers for the specific job required in 
nutrition education deserves much atten- 
tion. The effective use of radioisotopes to 
answer a variety of scientific questions in- 
dicates that they can be employed in nutri- 
tion education in the secondary schools to 
answer, in many instances, the ubiquitous 
question that children ask: How do you 
know? 


REPORT OF ANNUAL BUSINESS MEETING 


The annual business meeting of the Asso- 
ciation for the Education of Teachers in 
Science was held at the October 29th dinner 
meeting at the Men’s Faculty Club of Co- 
lumbia University. In addition to trans- 
acting the on-going business of the Asso- 
ciation, important steps were taken to make 
the Association for the Education of Teach- 
ers in Science a national organization affil- 
iated with the National Science Teachers 
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Association and the Associated Organiza- 
tions for Teacher Education. 

The members of the Association voted 
to add three additional members to the 
Executive Committee. The following offi- 
cers and members of the Executive Com- 
mittee were elected: 


President: Harold E. Tannenbaum, State Uni 
versity College of Education, New Paltz, New 
York 

President-elect: Herbert Schwartz, New York 
University 

Secretary-Treasurer : Willard J. Jacobson, Teach 
ers College, Columbia University 

=xecutive Committee: J. Darrell Barnard, New 
York University; Frederick L. Fitzpatrick, 
Teachers College, Columbia University ; Sylvan 
Mickelson, Wayne State University; Charles 
Prewitt, Connecticut State College at Williman 
tic; Robert Stollberg, San Francisco State 
College; Herbert Smith, U. S. Office of Edu 
cation (University of Kansas); George Zim 
mer, State University College of Education, 
Fredonia, New York 


Mr. Robert Carleton of the National Sci- 
ence Teachers Association and Mr. Ken 


neth Barker of the American Association 
of Colleges for Teacher Education briefly 
described their respective organizations, 
their concern for teacher education in sci- 
ence, and the possibilities for affiliation with 
the organizations that they represented 

The membership of the Association for 
the Education of Teachers in Science passed 
the following resolutions : 

1. That the Association for the Educa- 
tion of Teachers in Science petition the 
Board of Directors of the National Science 
Teachers Association to become a section 
of the National Science Teachers Associa- 
tion (N.S.T.A.) with full sectional respon 
sibility and autonomy as provided in the 
by-laws of N.S.T.A. That its purpose as 
a section of N.S.T.A. be to deal with teacher 
education in science. 

2. That the Association for the Educa- 
tion of Teachers in Science petition to be- 
come an associated organization in the 
Associated Organizations for Teacher Edu- 
cation (A.O.T.E.) and participate in for- 
mulating a sound program for teacher 
education in science within a total teacher 
education plan. 
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3. That the officers and executive com- 
mittee of the Association for the Education 
of Teachers in Science prepare a prospectus, 
including such items as in the previous 
prospectus, to explain A.E.T.S. to new 
members. 

According to plans, A.E.T.S. will hold 
a meeting in conjunction with N.S.T.A. in 
Kansas City on March 29, 1960. The theme 
of this meeting will be “Current Concerns 
in Science Education.” A paper on this 
subject will be written by some member of 
A.E.T.S. and circulated to four or five sei- 
ence educators who will act as critics. Pres- 
ident Tannenbaum will plan this meeting. 

The spring meeting of the Eastern Re- 
gion of A.E.T.S. will be held April 28th 
and 29th at Montclair State College, with 
Dr. Hugh Allen serving as program chair- 
man. At this meeting the Association will 
honor Dr. Rufus Reed for his long and 
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distinguished service in the education of 
teachers in science. 

The A.E.T.S. will prepare a policy state- 
ment on the education of teachers in science. 
A draft of the A.E.T.S. policy stand will be 
prepared by a small committee appointed 
by President Tannenbaum. The draft state- 
ment will be circulated to the members and 
discussed at the fall meeting of A.E.T.S. 

The program for the annual fall meeting 
of A.E.T.S. will be focussed on the A.E.T.S. 
policy statement. President-elect Schwartz 
will plan the fall meeting, which will be 
held at Teachers College, Columbia Univer- 
sity, on October 27 and 28, 1960. 

The President of A.E.T.S. will appoint 
a committee to write a constitution and 
by-laws for A.E.T.S. The draft constitu- 
tion and by-laws will be submitted to the 
membership of the A.E.T.S. for discussion, 
possible revision, and approval. 


TEACHERS COLLEGE STANDARDS IN CHEMISTRY: 
WHAT ARE THE FACTS? * 


LELAND L. WILSON 


Iowa State Teachers College, Cedar Falls, Iowa 


HE lampooning of teachers colleges by 
5 bane eae educational critics has been a 
favorite indoor sport in recent years. Any 
college with the word “teacher” in its name 
seems to have been automatically branded 
as academically disrespectable. The result- 
ing unpopularity of the name is reflected in 
the rechristening of some two thirds of the 
three hundred teachers colleges which were 
named as such twenty five years ago. The 
function of most of these institutions was 
not changed as a result of the new name. 
Life magazine devoted most of the Octo- 
* Paper presented at the Thirty-First Annual 
Meeting of the National Association for Research 
in Science Teaching, Hotel Sherman, Chicago, 
Illinois, February 21, 1958. 


ber 16, 1950 issue to Education. One of the 
articles, ‘Who Teaches The Teachers?” by 
John W. Sperry, was filled with sweeping 
generalizations in condemnation of teachers 
colleges. For example, Mr. Sperry, in 
speaking of the teachers colleges he had 
visited in the South, Middle West, East and 
Southwest stated that? “all were distinctly 
inferior to every liberal arts college or uni- 
versity I have ever seen.” One of his 
concluding statements was,* “As _ things 
stand now, the teachers being trained to 
instruct your children and mine are getting 


the worst college education of all.” 


1 John W. Sperry, Lij'e, 29 pt. 2, 154, (1950). 
2 hid. p. 154. 
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A New Republic editorial by I. Peggy 
Moses on September 14, 1953 entitled, 
“Why We Have Poor Teachers” also rele- 
gated the teachers colleges to the basement 
of the academic world. Referring to the 
courses in teachers colleges the author 
stated,® “. 


courses which are repetitive, lack intel- 


, even the best schools offer 


lectual depth and emphasize teaching meth- 
ods at the expense of subject matter.” As 
for students in teachers colleges, Miss 
Moses stated,* “Teachers colleges are cer- 
tainly not instilling in their students a love 
of knowledge and academic scholarship. 
Although the students in teachers colleges 
vary widely in ability, most of them are not 
of the caliber to develop such a love and 
appreciation of their subject matter on their 
own.” 

These are typical examples of the kind of 
criticism which has been leveled at teachers 
colleges and they could be duplicated many 
times from the literature of recent years. 
The replies to this kind of criticism have 
dealt largely in generalities. Little or 
nothing has been done to gather evidence 
which might provide a reliable basis for 
comparison of teachers colleges with other 
institutions. 

How valid are these claims that teachers 
colleges lack any semblance of reasonable 
academic standards and that they provide 
inferior instruction for inferior students? 
Is such criticism usually based on objective 
evidence or is it merely an old cliché which 
has been used so often that it is tacitly ac- 
cepted as fact? Are all teachers colleges 
characterized by low academic standards 
or do they, like other colleges, exhibit a 
broad spectrum of quality? Let us look at 
one bit of evidence concerning teachers col- 
lege standards in the field of chemistry. 

All the students completing the two 
quarter course in general chemistry at lowa 
State Teachers College are given an Amer- 
ican Chemical Society Cooperative General 

37. Peggy Moses, New Republic, 129, 7 (1953). 

4 Ibid, p. 8. 
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Chemistry Test. The norms for this test 
are based on the scores of students in col- 
leges other than teachers colleges who have 
completed two semesters of general chem- 
istry. The scores for 207 Iowa State 
Teachers College students taking these tests 
during the past eight years (1950-57) have 
been compiled in the table below. Several 
different forms of this test were used in the 
eight year period, and these students were 
taught by various members of the science 
department. The scores are given in terms 
of percentile rank based on the national 
A.C.S. norms. 


Scores oF 207 Iowa State TEACHERS COLLEGE 
Stupents ON A.C.S. Cooperative GENERAI 
CuHemistry Tests (1950-57) 


Percentile Per Cent 

Score Number of Total 
95 or above 20 9.6 
90-94 26 12.5 
80-89 30 14.5 
70-79 44 21.3 
60-69 23 11.1 
50-59 21 10.1 
40-49 19 9.2 
30-39 10 4.8 
20-29 9 4.3 
10-19 4 1.9 
0-9 l = 
Totals 207 99.8 


As can be seen from the summary of 
scores in this table, these teachers college 
students seem to do very well in comparison 
with students from other types of colleges. 
Twenty-two per cent of them ranked at or 
above the 90 percentile point and seventy- 
nine per cent ranked at or above the 50 per- 
centile point on the national norms. It 
would not seem unreasonable to conclude 
that these students had chemistry teaching 
which was at least as good as that available 
to the majority of students in any other type 
of college. Furthermore, there is little 
evidence here that teachers college students 
are inferior in ability. 

While these scores have limited signifi- 


cance for the question of the quality of 
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teachers colleges in general, they certainly 
do not substantiate the claims of such critics 
as were quoted above. One may wonder 
if the critics of teachers colleges have really 
made extensive investigations into the type 
of teaching being done, or has the technique 
of “guilt by association” been indiscrim- 
inately applied ? 

Teachers colleges have been content to 
accept a second class status far too long and 
they have had what they were content to 
accept. The increased attention which is 


being focused upon education, and the criti- 
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cism which our system of education is re- 
ceiving from many quarters, has given 
emphasis to the importance of better teacher 
training. Teacher training institutions have 
a particularly heavy responsibility, not only 
to turn out more teachers, but to develop in 
such prospective teachers the kind of schol- 
arship which will command respect every- 
where. It seems that teachers college science 
departments are now in a_ particularly 
favorable position to bring about changes in 
prevailing attitudes toward these institu- 
tions. 


A PROGRAM FOR THE IMPROVEMENT OF SCIENCE AND 
MATHEMATICS TEACHING IN THE NEW JERSEY 
PUBLIC SCHOOLS * + 


Frep T. PREGGER 
Trenton State College, Trenton, New Jersey 


IRWIN H. GAWLEY 
Montclair State College, Upper Montclair, New Jersey 


NEED FOR THE PROGRAM 


R ECENT national and international events 
have emphasized the need for improve- 
ment of science and mathematics instruc- 
tion in the public schools. The key to the 
improvement of instruction in these fields 
is in the hands of the teachers of these 
subjects. It was felt that by increasing the 
competence of these teachers there would 
be a corresponding increase in the effective- 
ness of instruction in science and mathe- 
matics. 

Toward this end a survey was made of 
the educational background of the science 

* A paper presented at the Thirty-Second An- 
nual Meeting of the National Association for Re- 
search in Science Teaching, Hotel Dennis, Atlantic 
City, New Jersey, February 20, 1959. 

+A report of a program for in-service educa- 
tion of teachers in science and mathematics spon- 
sored jointly by the New Jersey Department of 
Education and the Dreyfus Foundation. 


and mathematics teachers in the State of 
The Department of Educa- 
tion study found that there were eight 


New Jersey. 


hundred teachers in these fields who did not 
possess Masters’ Degrees. One of the ma- 
jor purposes of the program, then, was 
geared toward providing Masters’ Degrees 
in the physical sciences or in mathematics 
for a group of these people. 

The first part of this paper reports on the 
general overall program set up for improve- 
ment of instruction in science and mathe- 
matics, while in the latter portion a more 
detailed report of the Master’s Degree pro- 
grams in science is presented. 


SCOPE OF THE PROGRAM 


The entire program consisted of several 
types of activities aimed toward the im- 
provement of science and mathematics in- 
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struction in the schools. The program was 
sponsored by the Department of Education 
and financed largely by the Camille and 
Henri Dreyfus Foundation. 

During the summer of 1958 an institute 
was established at Princeton University for 
high school chemistry teachers. The par- 
ticipants in this institute included not only 
chemistry teachers with meager subject 
matter backgrounds, but also teachers who 
had advanced degrees. The primary pur- 
pose of this institute was the up-grading of 
the chemistry teachers with regard to the 
modern developments in the subject matter 
of chemistry. 

A second phase of the program was the 
allowance of funds to promote participation 
of the science and mathematics faculties of 
the Montclair State College in community 
and county teacher workshops for the im- 
provement of science and mathematics 
teaching. 

A third phase of the program provided 
the means for bringing outstanding experts 
in the fields of science and mathematics to 
the campuses of the participating colleges. 
Lectures by these people are to be open 
both to the college community and to the 
teachers in the schools of the state. 

A subsequent grant from the foundation 
provided funds for setting up three two- 
day science work conferences, one each in 
the north, central and southern portions of 
the State. Each community in the area 
was invited to send a team composed of 
board of education members, administra- 
tors, and teachers to these work confer- 
ences. The teams were asked to evaluate 
their present K-12 science programs, and 
were aided in formulating plans to improve 
their offerings. Faculty members of the 
state colleges served as consultants to the 
groups, and nationally known experts in 
the field of science education were the key- 
note speakers for the programs. 


THE MASTER’S DEGREE PROGRAMS 


A large segment of the Dreyfus Founda- 
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tion’s financial support went toward the 
subsidy of Master’s Degree programs in 
science and mathematics at Trenton and 
Montclair State Colleges. As stated earlier, 
the State Department of Education had 
determined that there were 800 science and 
mathematics teachers in the state without 
advanced degrees. It was decided to at- 
tempt to provide a free Master’s Degree 
program for 80 participants, a 10 per cent 
sample of the group of 800. Half of this 
group was to be trained at each of the two 
state colleges. 

The need for a degree granting program 
rather than some other type of up-grading 
program in science and mathematics was 
based on the assumption that since the 
Master’s Degree is needed in most com- 
munities in the state for advancement to the 
top of the salary schedule, it is unreasonable 
to expect teachers to put in the great deal 
of time and effort necessary in such a pro- 
gram unless the Degree is awarded. 

It was also assumed that the Master’s 
Degree in subject matter which will best 
fit the needs of the science teacher in his 
classroom differs from the type of program 
suited to the training of a research scientist 
where the emphasis is on a high degree of 
specialization and upon a great deal of in 
dividual research. 

It was felt that this Master’s Degree pro- 
gram must necessarily be a part time pro- 
gram (late afternoons, evenings, and Sat- 
urdays ) so that it would not take the teacher 
from the classroom during a period of grave 
shortages of competent science teachers. 

In the light of the assumptions and con- 
ditions given above, the programs at the 


two colleges were established. 


RESOURCES 


The Dreyfus Foundation provided funds 
to the extent of $270,000 to finance the pro- 
gram. These funds were budgeted as fol- 


lows: 











TABLE I 
3UDGET FOR THE COLLEGE PROGRAMS 


Professional salaries $120,000 


Resource persons and specialists 5,000 
Student scholarships 85,000 
Teaching supplies and materials 10,000 
Recruitment and printing 4,000 
Staff travel, student field trips 5,000 
Conferences and evaluation 3,000 
Secretarial services 8,000 
Specialized laboratory equipment 20,000 
Additional workshop grant 10,000 


THE PROGRAM IN SCIENCE AT TRENTON 
STATE COLLEGE 


The program of studies at Trenton State 
College was based on the general assump- 
tions given above and on the further as- 
sumption that the average candidate was 
not thoroughly prepared in subject matter 
beyond the first basic courses in college 
chemistry and physics. (This assumption 
was later borne out by an analysis of the 
backgrounds of the 21 candidates selected 
as shown in Table II below.) 

TABLE II 
UNDERGRADUATE Mayor CoursEs TAKEN BY THE 
TWENTY-ONE TRENTON SCIENCE CANDIDATES 
No. of 
Chemistry Candidates 
General 21 
Advanced Inorganic a 
Qualitative Analysis 10 
Quantitative Analysis 6 
Organic 16 
Industrial 1 
Modern Approach to Chemistry 2 


Physics 


tN 


— bt pet pet BND et 


General 

Electricity and Magnetism 

Aeronautics 

Electronics 

Modern Physics 

Modern Approach to Physics 
Earth Sciences 

Astronomy 

Geology 

Meteorology 


owoo 


Mathematics 


— 
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Calculus 
Advanced Calculus 
Vector analysis 
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It was decided that the courses which 
would be established for the program would 
be higher level courses than the general 
chemistry and physics courses, would be 
rigorously taught, and would be funda- 
mental courses designed to enlarge the stu- 
dent’s understanding of physics and chem- 
istry. They would not be, however, geared 
toward intensive specialization and research, 
nor be at such a level as to rule out candi- 
dates who have not had extensive under- 
graduate preparation in physics and chem- 
istry—in short, those teachers who need 
the program most. 

As a result, the candidates were chosen 
from a group who had the following mini- 
mum qualifications : 


(1) An earned bachelor’s degree from an ac- 
credited college or university. 


(2) A subject matter background of college 
science courses adequate for carrying on 
this graduate program in science. 

(3) Proficiency in the area of science as dem- 
onstrated by college grades, an interview 
with the Chairman of the Science Depart- 
ment, and examination administered by the 
Science Department, or any combination of 
these. 


Each candidate receives a stipend in the 
amount of $100 per semester and summer 


session. This is adequate to cover tuition, 


fees, and books. He also receives a travel 


allowance of $50 or $100 per session to pay 
commuting costs. 

Degree requirements for the candidates 
include the following: 


(1) Course Requirements—A minimum of 32 
semester hours shall be required including: 


a. Six semester hours of education which 
may include such courses as are ap- 
proved by the science department chair- 
man as being appropriate for the stu- 
dent. These courses should give the stu- 
dent an understanding of the place of 
science in the curriculum, the methods of 
science, and principles of learning and 
evaluation in science. 

. Two semester hours of science seminar. 
The seminar may include such things as: 
talks by visiting consultants, individual 
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and group research, construction of re- 
source units, and group discussions. 


c. Twenty-four semester hours of subject 
matter in approved science courses of 
graduate or senior-graduate level. At 
least eighteen semester hours of science 
courses must be at the graduate level. 

(2) Deficiencies and Prerequisites 

a. A student who does not have the neces- 
sary prerequisites for any course must 
satisfy these prerequisites before being 
admitted to the program. 


.A student who is deficient in any area of 
science may be required to take more than 
thirty-two hours in course work. 


ie) 


. If necessary, six hours of calculus may 
be included in the total requirements of 
the program, with the approval of the 
science adviser. Three of these six hours 
will be in addition to the thirty-two 
necessary to satisfy the minimum re- 
quirements for a degree. (The mathe- 
matics department has cooperated by 
offering a special calculus course for the 
people who are deficient. ) 


(3) Science Adviser 
The student’s work program is to be pre- 
pared in cooperation with a science adviser 
and any changes in the program are to be 
made only with the written approval of the 
science adviser. 


~~ 


(4) Thesis or Comprehensive Examination 
The writing of a master’s thesis is optional. 
The election to write a thesis should be 
considered in terms of subject matter, the 
opportunities which the student has to 
carry on research in science of an accepta- 
ble quality and the needs of the student in 
relation to his plan of graduate study. The 
student who decides to write a thesis may, 
with the consent of his adviser, credit it 
toward three hours of courses. The stu- 
dent may be advised to take a course in 
bibliography and research methods for 
three semester hours. These will be con- 
sidered as meeting part of the requirements 
for the six semester hours of education. 
Those students not electing to write a 
thesis will take a comprehensive examina- 
tion administered by the science department. 
This examination may be written, oral, or a 
combination of oral and written, at the 
discretion of the science adviser. 


The courses which have been established 
to serve the needs of the program are given 
in Table III. Student evaluation of the 
courses is sought formally by questionnaire 
and informally by discussion. It is, of 
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course, too early to evaluate the program 
as a whole. 


TABLE III 


Supyect Matrer Courses OFFERED FOR THE 
DreyFus FouUNDATION PROGRAM AT 
TRENTON STATE COLLEGE 


Physics (6 S.H. required ) 
Advanced Mechanics 3 S.H. 
Electricity and Magnetism 3 S.H. 
Optics and Optical Instruments 3S.H. 
Sound and Vibrations 3 S.H. 

(a) Modern Physics 3 S.H. 
(a) Electronics 3 S.H. 


Chemistry (6 S.H. required) 
Inorganic Chemistry PERC R 
Qualitative Analysis 3 S.H. 

(b) Quantitative Analysis 3 S.H. 
Organic Chemistry I 3S.H. 

(c) Organic Chemistry II 3 S.H. 

(c) Biochemistry 3S.H. 
Physical Chemistry I }S.H. 

] 


(d) Physical Chemistry II 3S.H. 


Physical Sciences (May be selected for credit in 
physics or chemistry ) 


Science in Industry 3S.H. 


Science Education 
Philosophy and Principles of Science 
Teaching 3 S.H. 
(required of all students ) 
Techniques for Demonstrations and 
Laboratory Activities in the 
Physical Sciences 3 S.H. 
(required of all students who do not 
write a thesis ) 
Science Seminar (required of all students) 2 S.H. 
Prerequisites 
(a) Electricity and Magnetism 
(b) Qualitative Analysis 
(c) Organic Chemistry I 
(d) Physical Chemistry I 
Note: Calculus is prerequisite for all physics 
courses and is recommended for physical chemistry. 


THE PROGRAM IN SCIENCE AT MONTCLAIR 
STATE COLLEGE 


The program of course offerings in sci- 
ence was based, as far as possible, upon 
the backgrounds of the candidates for the 
program. A summary of these backgrounds 


is given in Table IV. 
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TABLE IV 


UNDERGRADUATE Major Courses TAKEN BY THE 


Twenty MOontTcLaAiR SCIENCE CANDIDATES 
No. of 
Chemistry Candidates 
General Chemistry y 
Advanced Inorganic 2 
Qualitative Analysis 6 
Quantitative Analysis 14 
Organic 18 
Biochemistry 2 
Atomic Energy 3 
Demonstrations in Chemistry 3 
Physical 2 
Selected Topics in Chemistry 3 
Physics 
General Physics 20 
Electricity and Magnetism 12 
Mechanics 3 
Sound 1 
Light 2 
Thermodynamics 1 
Hydraulics 1 
Aeronautics ] 
Photography 2 
Selected Topics in Physics 3 
Astronomy 3 
Meteorology 3 
Mathematics 
Calculus 11 
The candidates were selected from a 


group of applicants who had the following 
basic qualifications : 


(1) A Bachelor’s Degree from an accredited 
college or university. 

(2) At least 30 semester hours of undergraduate 
work in science. 

(3) Undergraduate grades indicative of success 
in graduate work. 


Selection of the candidates was done by 
The 


selection was based upon the candidates’ 


the faculty of the physical sciences. 


undergraduate grades and subject matter 
preparation, and upon evaluations of their 
teaching potential sought from their de- 
partment heads and principals. 

Each candidate is given $100 per sem- 
ester and summer session to cover costs of 
tuition, books, and fees. Tuition is charged 
at the rate of $11.00 per semester hour. 
Travel allowance is made on the basis of 
the normal state rate of seven cents per mile. 

Degree requirements for the candidates 
include the following : , 
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(1) 32 semester hours of graduate-level courses 
which include : 
6 semester hours of education 
26 semester hours of physical sciences or 
mathematics. 

(2) Four of the courses in the science area must 
be 4 semester hour laboratory courses. 

(3) A Master’s Degree thesis or the presenta 
tion of a research project to a departmental 
seminar is required. 

About half of the candidates gave a pref- 
erence for courses in chemistry and the 
other half desired major emphasis in phys- 
ics. Courses are planned in each of these 
areas each semester. In setting up the pro- 
that 
candidates lacked calculus, so through the 


gram it was realized some of the 
cooperation of the mathematics department, 
a course in that field was established for 
these people. 

The science and science education courses 
in the program are listed in Table V. 

Student evaluation of each of the courses 
is sought at the end of the courses. In ad- 
dition to this, an attempt will be made to 
seek an evaluation of any changes in the 
candidate’s teaching during the period of 
participation in the program. 


TABLE V 
Supyect Mattrer CoursES OFFERED FOR THE 
DrEYFUS FOUNDATION PROGRAM AT MONT- 
CLAIR STATE COLLEGE 


Science 
Sci. Water Analysis and 
Purification 4S.H. 
Chemistry 
Chem. 501 The Teaching of Chem- 
istry in Secondary 
Schools 33.H. 
508 Biochemistry 4S.H. 
509 Advanced Inorganic 
Chemistry 4S.H. 
510 Food Inspection and 
Analysis 4S.H. 
407 Advanced Quantitative 
Analysis 45S.H. 
408 Industrial Chemistry 4S.H. 
411-412 Physical Chemistry 8 S.H. 
413 Atomic Structure and 
Atomic Energy Zou. 
Physics 
Phys. 501 The Teaching of Physics 


in Secondary Schools 4S.H. 
510 Advanced Problems in 
Photography 5 S.H. 
Modern Physics 4S.H. 
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513 Nuclear Radiation 23.41. 

405 Light and Optical 
Instruments 4S.H. 
406 Astronomy 4S.H. 
407-408 Aviation 8S.H. 
409 Introduction to Radio 4S.H. 
411 Photography 4S.H. 


416 Analytical Mechanics 45S.H. 
CONCLUSION 

It is too early yet to see what results in 

terms of the improvement of science and 

mathematics teaching will come of these 
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efforts at Trenton State College and Mont- 
clair State College. Surely increased com- 
petence in the teacher’s field of major in- 
terest will help make him a better teacher, 
all other factors remaining constant. It 
will take a long time to evaluate the results 
of the program, but if the comments and 
enthusiasm of the participants can be con- 
sidered as any kind of a guide, the program 
appears well founded and chances of real 


success seem hopeful. 


SOME CHARACTERISTICS OF HONORS SECTION STUDENTS 
IN NATURAL SCIENCE AT A STATE UNIVERSITY * 


Irvin J. LEHMANN AND CLARENCE H. NELSON 


Michigan State University, East Lansing, Michigan 


HROUGHOUT our public education in 

American schools and colleges, more at- 
tention has been given to the average and 
below-average student than to the gifted 
student. In the last decade the emphasis 
towards meeting the needs of our able stu- 
dents has swung a little further along the 
continuum, and possibly more so, in the 
post-Sputnik I period. For the most part, 
our curricula and instructional techniques 
have been designed to satisfy the average 
student and, in many cases, the more able 
student was ignored insofar as_ special 
classes and curricula are concerned. 

Cartoonist have often painted a very mis- 
leading picture of gifted students. To many 
lay people, a gifted student is characterized 
as a walking encyclopedia, or one who sits 
by himself in a corner at social gatherings. 
The work of Terman and the Ford Foun- 
dation have shown that this is indeed a mis- 
leading picture. Gifted students are not 
awkward, unsociable, and completely ab- 
sorbed in their thoughts. Granted, there 


are exceptions to the rule but, for the most 


* Paper presented at the Thirty-First Annual 
Meeting of the National Association for Re- 
search in Science Teaching, Hotel Sherman, 
Chicago, Illinois, February 21, 1958. 


part, they live and act as normal human 
beings. A recent article in Time has shown 
that some of our leading physicists look and 
act no differently from the ordinary man 
on the street. 

On the basis of certain studies conducted 
by Terman, Witty, and Havighurst, one 
might expect to find more men than women 
in the gifted class. One might also expect 
that these students come to college at an 
earlier age than normal entering freshmen, 
that they come from large cities, that they 
have high educational goals, and that they 
come from the better socio-economic class. 

At the present time, we are faced with 
a severe shortage of engineers, scientists, 
and technicians. Due to rapid advances 
made in technology, we now realize how 
severe our shortage is. Recent advances 
made by Russian scientists have demon- 
strated that American technology might be 
considered lagging. In the last few years, 
possibly because of the demands made by 
industry and society for more capable stu- 
dents, there has been an increased interest 
taken in meeting the needs of the gifted 
students. The studies that have been con- 
ducted on gifted children were such that 
they (1) attempted to learn more about 
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the temperament and personality of gifted 
children, (2) surveyed methods being used 
to meet the needs of gifted students, and 
(3) studied ways in which we might be 
able to encourage gifted students to attend 
college. There has been very little research 
conducted to learn what these students ex- 
Granted, it is 
the that 
gifted students might have, but the writers 


pect to receive from college. 


not feasible to meet all needs 
feel that it is necessary not only to establish 
curricula for these students on the basis of 
certain theoretical considerations, but that 
it might be of value to know what these 
students hope to receive from college. 

In an attempt to meet the needs of the 
more able student, honors sections were 
established in the four teaching departments 
in the Basic College at Michigan State Uni- 
versity in the Fall Term of 1957. Previous 
to this, the only provision for meeting the 
needs of our more able students was that of 
The 


honors sections was an attempt to provide 


acceleration. establishment of these 
the student with a more intensive coverage 
of the course—it was not meant to be a 
concomitant of acceleration. Honors sec- 


tion students would find themselves in 
smaller sections, they would be associating 
with superior students, their instructor 
grade (which makes up one-half of the final 
grade) would not be determined by a pre- 
scribed curve, they would have the opportu- 
nity to go beyond the regular syllabus, and 
they would be able to delve more thoroughly 


into the subject matter. 
The Problem 


The present study is concerned with sur- 
veying the characteristics of honors section 
students in the beginning freshman course 
in Natural Science in order that we might 
(1) learn more about the type of student 
enrolled in an honors section; (2) ascertain 
what these students hope to receive from an 
honors section which they feel might not be 
obtained if they were enrolled in a regular 
(3) 


significant difference between honors and 


section ; learn whether there is any 
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regular section students in their (1) pre 
test (ii) 
A.C.E. scores, and (iv) final examination 


scores, post-test scores, (iii) 
scores; and (4) obtain their reactions to an 
honors section experience. 

In the Fall Term of 1957, four honors 
Natural Sci- 


Capable students were selected from 


sections were established in 
ence. 
freshmen attending the summer Counseling 
Clinic on the basis of (1) their performance 
on the A.C.E.; Michigan State University 
Reading Test, Form A; English Placement 
Test ; and Arithmetic Proficiency Test, and 
(2) 
Very little emphasis was placed upon the 
the amount of high 

Of the 120 students 
invited to enroll in one of the honors sec- 


their high school academic record. 


student’s major or 
school science he had. 
tions, 114 registered for these sections. The 
other six students felt that they were not 
capable of profiting by an honors section 
experience. 


METHOD OF INVESTIGATION 


Students in eight regular sections (N = 
236) and four honors sections (N = 114) 
in Natural Science 181 were given a general 
information questionnaire in the first two 
weeks of the Fall Term, 1957. This ques- 
tionnaire was designed to elicit responses 
that would provide information concerning 
the characteristics (age, type of high school 
attended, parental education, and so forth) 
of students enrolled in the regular and 
honors sections in Natural Science 181. In 
the last week of the term, a second question- 
naire was given to these students to obtain 
their reactions to this, their beginning fresh- 
man course in Natural Science. 

In the first two weeks of the Fall Term, 
1957, a pre-test was administered to the 
350 students. This pre-test was also given 
as a post-test during the last week of the 
term. From the 350 students, a random 
sample of 26 men and 26 women was 
selected from the honors section group, and 
an equal number from each of the two 


regular section groups. Differences in post- 
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re- test scores among the three groups (N = _ total scores as covariates. The .05 level of 
ili ) 156) were tested for significance by anal- confidence was used inasmuch as this level 
Hon ysis of covariance using (1) pre-test score is neither extremely conservative nor liberal 
yan as a covariate, (2) A.C.E. total score as a_ with respect to likelihood of Type I or 
y] 
covariate, and (3) both pre-test and A.C.E. Type II errors. 
1OTS 
Sci- 
rom ) TABLE I 
ling { ne Sa ls 7 , 
5 CHARACTERISTICS OF HoNoRS AND REGULAR STUDENTS IN Basic 181 
nce : 
: Honor Students Regular Students 
sity . Sig Phare 
. Age Range 17-18 17-33 
lent “ie OF vais 
Sex 48% males 68% males 
and Size of Home Community 65% come from cities of 57% come from cities of 
ord. 10,000 or more population. 10,000 or more population. 
. 18% come from areas of 21% come from areas hay- 
the d : 
R 2,500 or less population. ing a population of less 
igh than 2,500 
ents Per Cent Per Cent 
sec- Type of secondary school attended 
Che City public 61.9 62.2 
t } Rural public 9.7 12.7 
ae Suburban public 21.2 14.4 
tion | Private (including parochial ) rm 10.7 
Standing in high school graduating class 
Lower third 0.9 6.0 
Middle third 7.1 40.9 
Top third 92.0 53.1 
oe Size of high school graduating class 
7 Less than 25 3.5 2.3 
14) 25-99 23.9 31.3 
eral 100-199 22.1 25 0 
ss 200-399 31.8 22.6 
oh 400-999 17.7 15.6 
Uues- 1,000 or over 1.8 2.7 
ses Amount of father’s education 
\ing Grammar school 11.5 21.1 
. High school 37.2 50.2 
100 | College 32.7 21.6 
‘th ) Graduate school 19.5 7.0 
and ) Amount of mother’s education 
in Grammar school 10.6 12.2 
, High school 39.8 58.9 
10n- College 46.0 27.1 
tain Graduate school 3.6 1.8 
esh- ( )ccupational class oa ; 
Professional 33.3 15.1 
White-collar 36.9 19.1 
‘rm, Choice of major 
the Engineering 25.6 40.5 
Physical Science 13.3 1.9 
iven Education 12.0 12.0 
the Education desired 
lom \ Less than 4 years 4.4 5.9 
4 years 39.4 60.8 
was i More than 4 years 56.2 33.3 
and Education expected 
> rear 6.2 9.0 
two Less than 4 years 9.2 i. 
4 years 64.0 72.1 


Ost - More than 4 years 29.8 18.9 
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Findings 

The analysis of the responses of the 350 
students to the first questionnaire (see 
Table I) revealed that : 


1. Students in the honors sections are either 17 
or 18 years of age. In the two regular sections, 
they range in age from 17-33 years, 74 per cent 
being 18 years or younger. This suggests that 
regular section instructors face sections where 
about 25 per cent of the students are over 18 
years of age. The data indicate that honors sec- 
tion students are younger, on the average, than 
regular section students, but this is not solely 
because they are more able, but may be explained 
in the manner in which the honors section stu- 
dents were originally selected. 

2. There are more men than women in the 
regular sections (159 vs. 77) but more women 
(59 vs. 55) in the honors sections. This, too, 
may be accounted for, in part at least, by the 
selection procedures employed. 

3. More honors section students (65 vs. 57 per 
cent) 


from cities with a population of 
10,000 or more than do regular section students. 
More regular section students (21 vs. 18 per cent) 
come from areas having a population of less than 
2,500. This suggests that honors section stu- 
dents are drawn more heavily from fairly large 
urban areas, but it must be recognized that about 
40 per cent of Michigan State University stu- 
dents come from cities of 25,000 population or 
more. 


come 


4. While more honors than regular section stu- 
dents attended a suburban high school (21 vs. 
14 per cent) and were in a high school graduating 
class of 200 or more (51 vs. 41 per cent), more 
regular section students attended a rural (13 vs. 
10 per cent) or private school (11 vs. 7 per cent) 
and were in a graduating class of 100 or less (34 
vs. 27 per cent). A greater percentage of both 
regular (62 per cent) and honors (62 per cent) 
section students attended a city public high school. 

5. Honors section students are more able (in 
terms of standing in their high school graduating 
class) than regular section students (92 per cent 
vs. 51 per cent in upper third of class). 

6. Honors section students come from homes 
where the educational attainments of their parents 
is better (in terms of college training). Forty- 
nine per cent of the fathers and 31 per cent of 
the mothers of honors section students have an 
undergraduate degree; about 24, and 4 per cent 
have fathers and mothers, respectively, who have 
graduate- or professional-school training. In 
contrast, 12 per cent and 13 per cent of the fathers 
and mothers, respectively, of regular section stu- 
dents have had four years of college training, 
while 7 and 3 per cent, respectively, have had more 
than four years of college training. 

7. More honors section students have fathers 
in the professional class (33 vs. 15 per cent) and 
in the “white-collar” class (37 vs. 19 per cent). 
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When one compares these findings with those of 
the national occupation (9 per cent and 29 per 
cent of the population are to found in the profes- 
sions and “white-collar” class), this would indicate 
that even though both our regular and honors 
section students come from better than average 
socioeconomic backgrounds (as measured by 
breadwinner’s occupation), a large percentage 
of honors section students (56 vs. 38 per cent) 
come from homes where the breadwinner is in 
either the professions or “white-collar” class. 

8. The three most frequently noted responses as 
to choice of major by the honors and regular 
section students, respectively, were (1) engineer- 
ing (26 vs. 41 per cent), (2) physical science (13 
vs. 2 per cent) and (3) education (12 vs. 12 per 
cent). While both regular and honors section 
students desire some type of professional training, 
a larger percentage of honors section students ar« 
interested in majoring in the physical sciences. 

9. More honors section students (56 vs. 33 per 
cent) wish to obtain more than four years of 
college training. A greater percentage of regular 
section students (61 vs. 39 per cent) are satisfied 
with four years of college. The data suggest 
that honors section students 
educational aspirations. 


entertain higher 

Another factor which was studied on the 
first questionnaire was the expectations held 
by honors section students; that is, what 
would they like to receive in an honors 
section which they felt could not be realized 
if enrolled in a regular section. The most 
frequently noted response was that of ob- 
taining a broader knowledge of the course 
(29.3 per cent). The second-rated value 
was the hope that the work to be covered 
would be more advanced (16.2 per cent). 
Following closely behind were the values 
of being stimulated to work (15.6 per cent) 
and associating with superior students (10.6 
per cent). These values contributed more 
than 70 per cent to the desired expectations 
of honors section students. There were 
some students who expressed the desire 
for better instructors, having less emphasis 
placed on the grade, not spending too much 
class time on mundane details, having more 
student participation, and having an oppor- 
tunity to do individual work. It is evident 
that some of the expectations shared by 
honors section students are no different than 
those shared by freshmen taking Natural 


Science 181 in the regular sections. There 
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e of are, however, some marked differences be- 6. There is no significant difference in the mean 
or . A.C.E. score between the two regular in- 
tween the two groups. Regular section ps . = " 
»fes- MAC. . structors’ students. 
nate students normally are satisfied with cover- - wee : : 
: : . Since it is possible that one’s post-test 
nors ing the course material outlined in the ; : ; 
rage : ‘ score might be influenced, to a certain de- 
syllabus and are quite content to refrain ; 
by Ny : : gree, at least, by his pre-test score (prior 
tage from doing extra work. Honors section ; ated ; ; 
knowledge), his A.C.E. score  (intelli- 
ent) students, on the other hand, expect to cover Ve ae : 
. ins : a - , gence), or a combination of the two, analy- 
more material both in quantity and quality. : : : 
¥ ; ses of covariance were performed with the 
— In addition, they are not adverse to doing 
é post-test scores holding (1) the pre-test 
ular work on their own. j > a 
noe oe ; score as a covariate, (2) the A.C.E. score 
" rhe analysis of the pre-test, post-test, and , 
(13 va ae o as a covariate, and (3) both the pre-test and 
per A.C.E. scores for the 156 randomly selected cies , xe : 
: Ss i : 2 A.C.E. scores as covariates. Tables II to \ 
tion subjects (52 students in the honors sections : Agee a 
1ing, ; ; reveal that there is still a significant dif- 
Rs and 104 students in the regular sections) 
} are hee ference among the three groups (one honors 
am indicates that : ; 
ices and two regular) in mean post-test score, 
eT 
- ll 1. The honors section students have a signif- even after adjustments are made. The dif- 
cular icantly higher mean score than the regular ference, however, is between the two regu- 
ahead section students on the pre-test. . mN ; 
sgest 2.The regular section students of Instructor lar sections. That is, when all students 
gher A have a significantly higher mean pre-test were equated with respect to their pre-test 
score than Instructor B’s regulz -ction stu- , ey 
dae than nstructor 5's regular section stu- sore Instructor A’s students had a signifi- 
aents. 
the 3. Honors section students have a significantly cantly lower mean post-test score, but In- 
held higher mean post-test score than the regular _structor B’s students no longer had a signif- 
section dents of either Ins stor / B. ls 
the m ctu -~ of eithe Ir structor A or B icantly lower mean post-test score than the 
vhat 4. Instructor A’s regular section students have a ? . vt r 
nors significantly higher mean post-test score than honors section students. <A similar pattern 
aaa Instructor B’s regular section students. was obtained when the A.C.E. scores and 
“ 5. Honors section students have a significantly ‘Tr 
; . ¥ — gnifcantly = both the pre-test and A.C.E. scores were 
nost higher mean A.C.E. (total) score than either ’ 
ob- Instructor's A or B regular section students. held as covariates. 
urse 
alue 
ered i , 
TABLE II 
nt). 
lues | MEAN AND STANDARD DEVIATIONS OF THE Pre-Test, Post-Test, aNnp Tota A.C.E .Scores FoR THI 
f REGULAR AND Honors Section STUDENTS 
ent ) 
10.6 \ Pre-Test Post-Test Total A.C.E. 
nore Group N x S.D. x S.D. x S.D. 
Hions Honors section 52 a1.d0 6.08 41.10 5.69 139.52 13.16 
ane Regular section A 52 15.71 4.55 25.50 9.25 105.04 21.19 
—* Regular section B 52 15.44 5.07 31.94 8.59 107.83 23.60 
esire 
lasis 
nuch TABLE III 
nore Ax ‘7 a — : bo a eae 
ANALYSIS OF VARIANCE OF Post-TEst ScorES WITH COVARIANCE ADJUSTMENT FOR PrE-TEstT SCORES 
ypor- ° 
d Adjusted 
ident Source of } we > ‘ — — - - 
1 bv Variation df »y* ox* xy df >.>. M.S F 
} a Instructor 2 6388.61 1314.71 2594.91 2 2788 .07 1399.04 27 .85* 
man | Sex 1 92.96 18.70 41.54 41.29 41.29 82 
tural Interaction 2 21.16 8.57 13.67 2 5.54 2.77 06 
‘here Within 150 9870.23 4302.46 3203.96 149 = 7484.31 50.23 


* Significant beyond the .001 level of confidence. 
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TABLE IV 


ANALYSIS OF VARIANCE OF 


Post-Test ScoRES WITH COVARIANCE ADJUSTMENT FOR A.C.E. Scores 


Adjusted 
Source of . 4 ‘ : —— 
Variation df Sy? Sx? Sxy df D2. M.S. F 
Instructor 2 6388 .61 38052 .32 14661 .19 2 1189.06 594.53 14.29% 
Sex 1 92.96 86.20 89.23 1 54.12 54.12 1.30 
Interaction 2 21.16 1013.58 117.01 2 24.78 12.39 30 
Within 150 9870.23 60396 .62 14891 .65 149 6198 .49 41.60 
* Significant beyond the .001 level of confidence. 
TABLE V 
ANALYSIS OF VARIANCE OF Post-TEst SCORES WITH COVARIANCE ADJUSTMENT OF PRE-TEST AND 
A.C.E. Scores 
Adjusted 
Sources of ; . . : ; ae Se 
atkilen df Sy? Sx? Sz? Syx Syz Sxz df 2 M.S. 
Between sections !93 9984.35 4329.73 61396.27 3259.18 15097.88 7291.83 151 5651.34 37.43 
Within te 2 6387.96 1314.71 38152.50 2594.90 14661.20 7038.94 2 1136.34 568.17 
a i Within 
~ Between 
_ 568.17 
~ 37.43 
= 15.18* 
* An F of 15.18 significant beyond the .001 level. 
There were 3,619 students enrolled in second questionnaire enabled us to learn 


the first term of Natural Science at Mich- 
igan State University in the Fall Term, 
1957. The final grade of each student is a 
combination of his instructor grade and 
performance on a common final examina- 
tion, each of which accounts for 50 per cent 
of the final course grade. Reference to 
Table VI indicates that honors section stu- 
dents received a significantly larger per- 
centage of A’s and B’s. 

The 


responses of the students to the 


some additional characteristics about our 
honors and regular section students. 


1. Forty-six per cent of the honors section stu 
dents, 60 per cent of Instructor A’s and 41 per 
cent of Instructor B’s regular section students 
indicated the “labs” were the course activity 
which contributed most to the attainment of 
the course purpose. The next most frequently 
noted response was the lectures—40 per cent 
of the honors section students, 24 per cent 
and 20 per cent of the students in each regular 
section, felt that the lectures contributed most 
towards accomplishing the course purpose. 

2.The prevailing belief in many quarters is 


TABLE VI 


GRADI 


Honors sections (N=114 ) 
Regular sections (N=3506) 


DISTRIBUTION OF REGULAR AND Honors SEcTION STUDENTS IN NATURAI 
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Final Course Grade (Combination of 
Instructor’s and Examination Grade) 
Per Cent Receiving 
A B S D F 
42.1 41.2 11.5 4.4 

3.3 24.0 5 
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that bright students will be able to learn 
quickly. Our experience is that honors sec- 
tions are more concerned with the quality of 
the material covered—they are more con- 
cerned with thoroughness and understanding 
than with perfunctoriness. The typical honors 
section students, like the best students in the 
regular sections, are primarily concerned with 
a thorough u:erstanding of what they are 
dealing with so that they can cope with any 
problem situation on examinations by logical 
reasoning rather than having to rely solely 
on memory. By contrast, the mediocre stu- 
dent finds greater security in answers that 
he can memorize in preparation for quizzes 
and examinations. 

. Thirty-seven per cent of the honors section 
students indicated that they were highly 
stimulated to do better work as a result of 
being in an honors section; 28 per cent were 
moderately stimulated, and 35 per cent were 
only slightly stimulated. By contrast, 46 per 
cent of the regular section students were 
stimulated (in a regular section) highly, 32 
per cent were moderately stimulated, and 32 
per cent were only slightly stimulated. 


w 


SUM MARY 
The present study reveals that: 


1. The honors section group is more homogene- 
ous with respect to age. They were all in the 
17-18 year-old category. While the prepon- 
derance of those in the regular section fell 
in the 17-18 year-old category, there was a 
range in age up to 33. 

. There were about an equal number of men 
and women in the honors sections. In the 
two regular sections men outnumbered women 
in the ratio of two to one. 

3. A significantly larger percentage of honors 

section students were in the upper third of 
their high school graduating class. 


nN 


Honors SECTION STUDENTS 


273 


= 


. Honors section students, on the average, come 
from better socio-economic—educational back- 
grounds. 

. While a larger percentage of the regular sec- 
tion students are interested in majoring in 
engineering, a larger percentage of honors 
section students wish to major in the physical 
sciences. 

.A larger percentage of honors section stu- 
dents wish to obtain more than four years of 
college training. 

. Honors section students have a significantly 
higher mean pre-test, post-test, and A.C.E. 
score, 

8. A larger percentage of honors section students 

received an A or B as the final course grade. 


un 


“I 


With the exception of the ratio of men 
and women enrolled in an honors section, 
the foregoing findings are in general agree- 
ment with the prevailing conception of the 
characteristics of the “abler” student. Our 
data brought to light the following findings 
which one would not have expected. 

1. The laboratory experience contributed more 


than the lecture to the attainment of the 
course objectives. 


N 


. Honors section students do not wish to move 
so rapidly through the course that thorough 
mastery is jeopardized. 

. Contrary to common belief that the grouping 
of gifted students in special sections will re 
sult in their higher intellectual stimulation, 
our data suggest that the majority of honors 
section students are only moderately or slightly 
stimulated by their fellow students. This 
finding bears further investigation, inasmuch 
as it has far-reaching implications on ad- 
ministrative procedures for dealing with gifted 
students. 
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SOME CHARACTERISTICS OF HONORS SECTION STUDENTS 
IN NATURAL SCIENCE AT A STATE UNIVERSITY: 
A FOLLOW-UP * 


IrvIN J. LEHMANN 


Office of Evaluation Services, Michigan State University, East Lansing 


¥ the present decade, colleges are giving 
increased attention to the special needs 
of gifted students. They have moved 

* A paper presented at the Thirty-Second An- 
nual Meeting of the National Association for Re- 
search in Science Teaching, Hotel Dennis, Atlantic 
City, N. J., February 20, 1959. 


from a few isolated programs of tutorials 
and independent study for the gifted into 
rather widespread experimentation with 
the placement of students according to abil- 


What each 


of us learns by this experimenting becomes 


ity and previous achievement. 


of value to all of us as we attempt to con- 
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serve the talent of the gifted which might 
well be wasted or allowed to wither. 

At Michigan State University, where all 
students are required to take four basic 
courses in a program of General Education, 
the able, advanced student has from the be- 
ginning of the Basic College, been given 
some consideration, chiefly through the 
plan by which he could accelerate, that is, 
take the basic courses by examination. This 
plan has not been wholly satisfactory, partly 
because faculty do not always agree that 
class experience is not valuable for all, de- 
spite potential displayed on an examination, 
and partly because there is little if any 
provision for a student to skip the first 
term of a basic course. He has to “prove” 
himself in the first, and presumably the 
~asiest term in order to take the other two 
terms by examination. 

About five years ago, two departments 
of the Basic College began to offer special 
sections for their most able students. The 
added stimulation of these classes led the 
entire Basic College in the Fall of 1957 to 
offer what were called Honors Sections in 
all four departments of the college. 

The immediate problem faced was, of 
course, reliable criteria for choosing the 
students who should be encouraged to en- 
roll in these sections. A much more im- 
portant problem which eventually had to 
be faced was how to convince the able stu- 
dent that there were advantages in enroll- 
ing in a section where the work would be 
somewhat more advanced, penetrating, and 
challenging, but also where he might have 
to work harder, and possibly be more dis- 
criminatingly graded. Students are aware 
that their total grade point average is the 
chief criterion for awards, that is, having 
the privilege of writing the final examination 
without taking the course, for admission 
to upper school, and for admission to grad- 
uate school. Whether or not one earns his 
grade in an Honors Section is not recog- 
nized, in fact, not even recorded. The fact 
that he wrote an extra term paper, did 
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extra reading, put in extra hours in a 
laboratory—or even stole some time from 
other courses, does not show in the shape of 
the letter recorded in the registrar’s office. 

This paper attempts to summarize some 
of the results of our experiment at Michigan 
State University with Natural Science 
Honors Sections, begun in the Fall of 1957. 


CHARACTERISTICS OF NATURAL SCIENCE 
HONORS SECTIONS 


In order to fit these sections into the ex- 
isting Basic College framework, it was first 
agreed by the faculty that the Honors Sec- 
tions would meet the same number of times 
as the regular sections; that class size 
would be approximately the same; that the 
same general course outline would be fol- 
lowed, though the professors would be al- 
lowed to enrich it wherever they chose; 
and that Honors Section students would 
take the same common term-end examina- 
tion administered to all regular sections. 
Furthermore, the same policy of equating 
instructor grade with final examination 
grade in determining the final grade would 
be used. 


CHOOSING STUDENTS FOR HONORS SECTIONS 
IN NATURAL SCIENCE 


Students were selected on the basis of 
ability and achievement. Many of the 
M.S.U. prospective freshmen come to the 
campus during one of the summer counsel- 
ing clinics to take a battery of orientation 
tests and to confer with enrollment officers, 
counselors, residence advisers, etc. It was 
from students attending the counseling 
clinics that the Fall term Honors Section 
students were chosen. Included in the 
battery of tests were the ACE Psychologi- 
cal Examination, the MSU Reading Test, 

1 Winter and Spring term Honors Section stu- 
dents were recommended by their Fall and Winter 
term instructors, respectively. Each instructor was 


requested to ask his most able students if they 
were interested in an Honors Section. 
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an English Placement Test, and an Arith- 
metic Proficiency Test. Scores from these, 
high school academic records, and the ex- 
pressed interests of the students, were all 
taken into consideration in the choice of 
Honors Section students. Since Natural 
Science is a general education course, not 
much emphasis was placed on a student’s 
major or on the amount of science taken in 
high school. At the opening of the Fall 
term, 114 students were enrolled in four 
Honors Sections in the beginning course in 
Natural Science. 


THE PROBLEM 


Our problem was to follow up this orig- 
inal group of Honors Section students to 
find out why they decided to enroll in the 
special sections, how they reacted to their 
experience, and whether their instructor 
and/or examination grades changed if they 
moved during the year to a regular section. 
For comparative purposes, a similar study 
was made of students in regular sections. 

Complicating any study of this kind is 
the fact that students moved from Honors 
to regular sections, or from regular to 
Honors sections at each change of term. 
All sorts of factors enter in these shifts: 
schedule conflicts, anxieties about grade- 
point averages, advice of faculty who do 
not approve of segregating the able stu- 
dents, climate of opinion among the stu- 
dents, etc. Further complicating the evalua- 
tion of their experiences was the fact that 
the instructors of the Honors Sections were 
never the same for two consecutive terms. 


Method of Investigation 


We were able to gather information from 
114 Honors Section students Fall term, 64 
Honors Section students Winter term, and 
29 Honors Section students Spring term, 
by questionnaires from all, and from in- 
terviews with a random sample. We also 
gathered information from 236 students in 
regular sections, Fall term, and 103 stu- 
dents in regular sections Winter term. 
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The first questionnaire was circulated the 
first week of the Fall term and gathered 
biographical information and an indication 
of students’ expectations from their Honors 
Section experience. A second question- 
naire followed at the end of Fall term and 
probed for students’ reactions to their ex- 
perience in an Honors Section. This latter 
questionnaire, with slight modification, was 
also administered at the end of Winter and 
Spring terms. 


FINDINGS 


Overall Reactions to an Honors Section 
Experience 


The students in both the Fall and Winter 
terms felt, in the main, that: 


_ 


. Their instructor met the course purpose very 
well or excellently. 

There was close agreement between the stu- 

dents and instructor as to the purpose or ob- 

jectives of the course. 

Honors Section students were not adverse to 

undertaking additional work provided that 

quality was not forsaken for quantity. 

. Frequent quizzes, assigned readings, motion 
picture slides, and film strips were considered 

more effective than lectures. 

The material was covered at a reasonable 
speed. 

. Their instructor did not assume too much as 
to their background and capability. 

7. They had a rewarding experience. 


nN 


w 


= 


wn 


There were also some marked differences 
in opinion among Honors Section students 


in the Fall and Winter terms. 


1.A larger percentage of Fall term Honors 
Section students (46 vs. 40 per cent) men- 
tioned that the “labs” contributed more than 
the lectures in attaining the course purpose. 
Even so, the “labs” were not rated as the best 
course activity. If one were to assign weights 
to the contribution (excellent = 5, very poor 
= 0) of lectures, movies, demonstrations, and 
quizzes, it is readily evident that both Winter 
and Fall term Honors Section students were 
not too impressed with the lectures. When 
the 64 Winter term Honor Section students 
were asked to rate (from excellent to very 
poor) the relative contribution of ten course 
activities, it is evident from Table I that these 
students felt frequent quizzes, assigned read- 
ings, and motion picture slides or film strips 
are the better course activities. Many reasons 
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CONTRIBUTION OF VARIOUS CoURSE ACTIVITIES TOWARDS THE ACHIEVEMENT OF THE COURSE OBJECTIVES 


Course Activity 


Number of Students Rating Each Activity 


Excellently 


Lectures 5 
Laboratories 7 
Recitation periods 12 
Hourly Exams 10 
Frequent quizzes 30 
Assigned Homework 12 
Optional Readings 11 
Assigned Readings 25 
Motion pictures, slides, etc. 29 


ho 


might be advanced to explain this: the mate- 
rial might be covered too quickly in lectures ; 
the students might be confused by unfamiliar 
terminology; the course material might be 
dull to many of them; the nature of the 
course is such that practical experience is 
more beneficial than theory. Although it is 
difficult to ascribe casual effect, the data col- 
lected suggests that it is not due to “know- 
it-all” students, since many of the students 
were apprehensive insofar as their prepara- 
tion for the final examination was concerned. 
A significantly larger percentage (63 vs. 34 
per cent) 2 of Winter term students stated 
that they were stimulated to work harder in 
an Honors Section than they would have been 
if enrolled in a regular section. The in- 
crease in the number of Winter term Honors 
Section students who were stimulated to work 
harder might be explained by the fact that 
there was more selectivity of Winter term 
Honors Section students. Nearly 90 per cent 
of these students were previously enrolled in 
an Honors Section the preceding term and we 
might assume, by their choice to enroll in 
another such section, that they were pleased 
with their experience. One might justifiably 
ask why such a large number of students were 
not stimulated to work harder. Although 
there might be a multitude of reasons, this 
writer suggests that two are most prominent: 
(1) the factor of motivation—less than 2 per 
cent of the students were majoring in biologi- 
cal science and hence were not interested in 
working harder, and (2) the selection of stu- 
dents by academic criteria, in the main, does 
not ensure the quality of students insofar as 
work habits are concerned. It is quite con- 
ceivable that some of the students enrolled 
in an Honor Section for prestige rather than 
for the value these sections have to offer, and 
hence such students would not be stimulated 
to work harder than they would if enrolled 


in a regular section. Parenthetically, 11 of 


2x2 of 13.62 significant beyond the .001 level of 
confidence. 


14 
25 
20 
30 
22 


27 
19 
21 
19 


w 


Very Well 


Fairly Well Poorly Very Poorly 

25 17 1 
26 2 2 
24 4 0 

19 1 0 

6 3 0 
11 1 2 
13 2 11 
10 2 0 
11 2 l 


the 18 students who received a C or D in the 
Fall term stated that they enrolled in an 
Honor Section for the status and esteem as- 
sociated with these sections. 
A larger percentage of Winter term Honors 
Section students stated that 


a.their instructor met the purpose of the 
course very well (87 vs. 84 per cent). 

b. the material was covered more slowly (8 
vs. 0 per cent). 

c. there was little value in doing a book re- 
port (55 vs. 40 per cent). 


One might wonder why Winter term 


Honors Section students were more pleased 
with their instructor, and the stimulation 


offered by an Honors Section. 


Once again, 


there were many plausible explanations : 


1. Most 


bh 


w 


of the Winter term Honors Section 
students had already had one term of an 
Honors Section and were familiar with the 
program ; hence they had less difficulty adapt- 
ing themselves. 


. Their Fall term instructor might have used 


a method which was not favorably received 
by the students. Parenthetically, when a 
random sample of Fall term Honors Section 
students who enrolled in a regular section in 
Winter term were interviewed, all had high 
praise for their instructor. Some did mention 
that the terminology employed was unfamiliar 
and that the lectures were conducted on a 
high level—this may have resulted in some 
students being dissatisfied. 





. The Winter term instructor, because of the 


nature of material, or because of preferences, 
restricted himself to the regular syllabus. 
The students then felt better prepared for the 
final examination, a factor which 
might explain greater satisfaction with their 
instructor. 


common 


. The Winter term instructor (once again be- 


cause of the nature of material covered) 
might have been more lenient in assigning 
additional material. 
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THE STUDENTS’ FATE 

In evaluating any type of learning pro- 
gram, it is necessary not only to obtain stu- 
dents’ and instructors’ reactions, but also 
necessary to learn what happens to the stu- 
dent as an individual. For the most part, 
both instructors and students were pleased 
with the Honors Sections. Granted, there 
were some dissatisfactions, but they were 
concerned mainly with selection and in- 
structional techniques. Some concrete sug- 
gestions offered for eliminating them were 
“greater emphasis on the regular syllabus,” 
“discussing answers to questions in labora- 
tory manual.” Although many of the stu- 
dents were pleased with their Honors Sec- 
tion experience, the fact that a substantial 
number failed to receive an A or B (12 per 
cent), enrolled in a regular section after 
being in an Honors Section for one term 
(38 per cent), or accelerated the succeed- 
ing course (19 per cent), leads one to ques- 
tion the true value of the Honors Sections. 
On closer inspection, the data above seem 
to be spuriously condemning. In reality, 
over 70 per cent of the poor grades (C or 
D) occurred in the first term, and the 
change from an Honors to a regular section 
was also most marked during the first 
term. This suggests that changes made in 
selecting Honors Section students for the 
Winter term resulted in (a) better student 
grades and (b) a more conscientious stu- 
dent. In further support of the thesis that 
Honors Sections are not really as disap- 
pointing as some of the data might indicate, 
is the evidence gathered in interviews with 
13 students (21 per cent) who did not 
choose to enroll in an Honors Section in 
the Winter term, after being in one during 
the Fall term. All these students were 
emphatic in their praise of their instructor 
Although 
38 per cent of the students chose to enroll 


and Hionors Section experience. 


in a regular section in the Winter or Spring 
terms, many students stated that schedule 
conflict prevented them from enrolling in 
an Honors Section. Parenthetically, some 
of these students stated that they now 
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realized the value of an Honors Section and 
regretted not being able to be in another 
one. From Table II, it is evident that the 
major causes of attrition other than in- 
eligibility due to grades were acceleration 
and schedule conflicts. From the interviews 
of Fall and Winter term students, it was 
learned that these factors, although minimal, 
were also operating—(a) the section was 
not too stimulating, (b) some lacked suf 
ficient interest in natural science, and (c) 
some felt that the additional work was a 
decisive factor in their choice of a regular 
section. Once again, it must be emphasized 
that, in the main, the majority of students 
were pleased with their Honors Section ex- 
perience. 

The preceding material pertained to the 
general reactions of Honors Section stu 
dents in Natural Science, their suggestions 
on how the program might be made more 
effective, and a study of their fate. The 
material gathered from all the question 
naires and interviewing might be woven 
into the following description of what an 
Honors Section student wants and expects : 

I expect that the classes will be small and 
composed of superior students. I hope that we 
will not be restricted to committing to memory 
an array of mundane details but will have an op 
portunity to receive a more thorough coverag« 
and understanding of the course material. I hops 
that my association with more able students will 
result in stimulating class discussions. Although 
I do not expect to have better instructors, I do 
expect that more attention will be given to my 
individual problems (in relation to what could 
be received in a regular section). Although I 
expect that additional work will be involved, | 
would not like to see quality forsaken for quantity 
Finally, I hope to be treated as an intelligent adult 
but not as a “brain.” 


In summary, the data indicate that the 
majority of students were pleased with their 
Honors Section experience. Although many 
of the original 114 students did not com 
plete all three terms in Honors Sections be 
cause they chose to accelerate, were unable 
to resolve schedule difficulties, felt that they. 
would obtain better grades if in a regular 
section, or did not receive an A or B to 


be eligible to continue, the comments that 
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TABLE II 
STUDENTS IN NATURAL SCIENCE Honors SEcTIONS : THEIR FATE 
Enrolled 
in a Regular 
Failed Enrolled Section After 
to Receive in Another One Term in 
Term N Accelerated anAorB Honors Section Honors Section 
Fall 114 4 18 54 51 
Winter 64 30 4 21 16 
Spring 30 3 
Honors Section 181 
(N = 12h) 
, Accelerated 18 Receive@ {51 Enrolled 54 Enrolled 
C or D in Regular in Honors 4 
Section 182 Section 182 
Honors Section 182](N = 6) 
10 from 
regular 54 from Honors 
— lee Section 181 
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16 Enrolled 21 Enrolled in 
in Regular Honors Section 
Section 183 











Honors Section 183 





9 came from* 


regular 





21 from Honors 
Section 182 














Section 182 


* 1 of the 9 students was in an Honors Section in 181. 
*17 of the original 114 students continued with Honors Sections for three terms. 


they made were complimentary to the pro- 
gram and instructors. 

The final portion of this paper will deal 
with grading practices in Honors Sections, 
and recommendations for personnel dealing 
with Honors Sections. 


GRADING 


Some o1 the students were genuinely 
At Michi- 


gan State, final common examination grades 


concerned with grading policies. 


in the Basic College follow a normal curve 


distribution. Since one of the points 


stressed by counselors to prospective 
Honors Section students was the fact that 
they would not be governed by the cus- 
tomary grade distribution, one might won- 
der why these students were overly con- 
cerned. Some students felt that they could 
obtain a higher grade if enrolled in a regular 
section where the grade distribution was in 
operation, while a few others felt that they 


were not adequately prepared for the final 
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examination since insufficient emphasis was 
placed on the regular syllabus. To learn 
whether Honors Section instructors are 
more severe in their grading practices, a 
study was made of the grades earned by 
(a) students who continued from the Fall 
to Winter term in an Honors Section, (b) 
students who were enrolled in a regular 
section Fall term but in an Honors Section 
Winter term, (c) students in an Honors 
Section Fall term but enrolled in a regular 
section Winter term, and (d) students who 
were in a regular section for the Fall and 
Winter terms but enrolled in an Honors 
Section in the Spring term. 

Realizing that there are differences be- 
tween instructors,’ course content, and types 
of students, we might still raise the follow- 
ing questions : 

1. Are Honors Section instructors more severe 

in grading than regular section instructors? 


TABLE III 
Grapes RECEIVED BY STUDENTS IN Honors 
AND REGULAR SECTIONS 


Mean Mean 

Instructor Exam 

Group N Grade Grade 

Hon. 181 10.51 11.84 
Reg 182 51 11.67 11.76 
Difference +-1.16* —0.08 
Hon. 181 12.81 13.24 
Hon. 182 54 11.70 13.02 
Difference Bb 0.22 
Reg. 181 13.20 13.70 
Hon. 182 10 11.00 13.10 
Difference 4-2 .20* +0.60 
Reg. 181-2 11.38 12.18 
Hon. 183 x 8.50 11.25 
Difference 2.88* +0.93 
Hon. 182 10.69 10.56 
Reg. 183 16 12.50 11.38 
Difference +1 .99* +0.82 
Hon. 181 12.29 12.82 
Hon. 182 17 11.65 12.82 
Hon. 183 10.35 12.33 


+ Signifies mean grade higher when same stu- 
dents in regular section. 

— In favor of Honors Section. 

* Significant beyond .05 level of confidence. 


8 Instructors were changed each quarter. 
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Table III presents instructor and exam 
grades for students who changed sections: e.g., 
51 students in a fall term honors section (181) 
enrolled in a regular section winter term (182) 
It is readily evident from this table that: 

a. Students who switch from an Honors Sec- 
tion to a regular section obtain a signif- 
icantly (beyond the 5 per cent level of 
confidence) higher instructor grade when in 
a regular section. The converse is true for 
students who enroll in an Honors Section 
after being in a regular section. 

b. There is a wide discrepancy among in 
structors. In fact, the instructors were 
more severe with each succeeding term. 
This is borne out when one refers to the 
mean instructor grade of the same 54 stu- 
dents who took both the Fall and Winter 
quarters in an Honors Section. These stu- 
dents all received at least a B in the final 
examination at the end of the fall quarter 
and did equally well on the final ex- 
amination at the end of the Winter 
quarter. Hence, one might conclude that 
the students, although quite capable, re 
ceived lower instructor grades in the Winter 
quarter either because of (a) a more severe 
instructor or (b) lack of effort. Although 
the writer has no empirical evidence to sup 
port his thesis, he feels that the lower in- 
structor grades are due, to a large extent, 
to the instructor being more severe. The 
most marked discrepancy in_ instructor 
grades occurred during the Spring quarter. 
The 8 students who transferred to the 
Honors Section this quarter after being in 
in a regular section in the two preceding 
quarters had a mean instructor grade 
nearly three points lower when they were 
in the Honors Section. Although this 
might not affect the majority of students, 
those students who received a low B on the 
exam could conceivably have received a 

Ironically, had 

the three students who received a final grade 

of C in Spring quarter Natural Science re- 
ceived instructor grades comparable to their 
performance in the regular sections, they 

would have had a final course grade of B. 

One cannot generalize that this would 

always happen—it depends upon the type 

of instructor. 

2. Are Honors Section Students prepared for 
the common final examination? From data 
gathered in interviews and by questionnaires, 
it appeared that many students displayed anx 
iety insofar as their preparation for the com- 
mon final examination. Although Honors 
Section instructors were to have wide lati- 
tude in conducting the course, from the 
student’s point of view this might be more 
harmful than beneficial. It would appear that 
students do just as well on the final examina- 
tion in the Honors Section as they do when 


final course grade of C 
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they switch to a regular section. Partialling 
out the effect of different course content, it 
would appear that students are not penalized 
by being in an Honors Section insofar as 
their preparation for the final examination 
is concerned. 

SUMMARY AND CONCLUSIONS 

The purpose of this follow-up study was 
to (a) obtain student reactions to their ex- 
periences in Natural Science Honors Sec- 
tions, and (b) learn the fate of Honors Sec- 
the 


conclude from interviews and questionnaires 


tion students. In main, we might 
(only a random sample were interviewed ) 
that the majority of students were pleased 
with their experience. Looking at the stu- 
dents’ fate, it is evident that many students 
chose to accelerate. It is equally evident 
that a small percentage of students failed 
to maintain grades and became ineligible 
for an Honors Sec’‘on. The rate of attri- 
tion due to poor grades suggests that more 
attention be given to selecting students in 
the Fall term, since the percentage of such 
The data also 
indicated that Honors Section instructors 


students is highest here. 


tend to be more severe in their grading 
policies. The data suggest that these in- 
structors expect more from these students 
than they would expect from them if en- 
rolled in a regular section, what with ad- 


ditional work and less attention to the reg- 


ular syllabus (since the common final 
examination is based upon the regular syl- 
labus, Honors Section students have to 


“pick it up on their own” in order to be 
adequately prepared ). 

The large number of students choosing 
to accelerate one or more courses in Natural 
Science poses a very distinct problem. The 
underlying philosophy of the Honors Sec- 
tion is such that there would be greater op- 
portunity for covering the course material 


SCIENCE EDUCATION 


[Vo.. 44, No. 4 
more intensively. In other words, Honors 
Sections were established to meet the needs 
of the more able student by delving in the 
course material in a rather intensive fashion. 
Hence, the true value of an Honors Section 
experience is continuity throughout the 
three terms and not preparation for accelera- 
tion. It would appear that if students are 
choosing such sections for the prime purpose 
of acceleration, then greater attention should 
be given to the possibility of excluding 
Honors Section students who plan to ac- 
celerate. This might be compensated for 
by having Honors Section students cover 
three terms of work in two terms. 

Closer attention should be paid to the 
criteria used in selecting Honors Section 
students. Skimming off the upper fraction 
of high aptitude students is not a completely 
satisfactory method. It might well be that 
students should make application for an 
Honors Section. In this way, it might be 
possible to select students who not only 
possess academic qualifications, but who 
are also motivated. 

Finally, consideration should be given to 
maintaining instructor continuity through- 
out the Honors Sections. Instructors ac- 
customed to teaching regular sections who 
are moved to Honors Sections for a term 
at a time, often have a false image not only 
of the purposes of the Honors Sections, but 
Students 
have little way to predict what values will 
continue from one term to another if in- 


of bright students themselves. 


structors are changed each term. Theoreti- 
cally, the student who chooses an Honors 
Section is one who weighs the values of 
more penetrating, challenging work against 
the value of snap courses where he already 
knows much and has little responsibility 
for learning more. If students feel penalized 
rather than challenged, the value of an 
Honors Section no longer exists. 
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A COMPARATIVE STUDY OF ACHIEVING AND UNDER- 
ACHIEVING HIGH SCHOOL BOYS OF HIGH 
INTELLECTUAL ABILITY * + 


EDWARD FRANKEL 


Bronx High School of Science, New York, New York 


INTRODUCTION 


ingen study is concerned with scholastic 
underachievement among intellectually 
superior high school students. The ever 
broadening spectrum of our scientific and 
technological progress, from the harnessing 
of atomic energy to the conquest of outer 
space, has a special premium on talent and 
brainpower in all areas of human thought 
and endeavor. The young people whose 
scholastic performance lags far behind their 
intellectual potential, represent a serious 
loss to society in terms of their possible 
contributions. In addition, failure to 
achieve at the level of their ability often 
leads to a depreciation of self-worth ac- 
companied by unhappiness and frustration. 


DESIGN OF THE EXPERIMENT 


Purpose. The purpose of this study was 
to find some answers to the general ques- 
tion, “Why do students of seemingly similar 
intellectual ability of a high order perform 
so differently academically?” “What fac- 
tors may account for these differences?” 
This investigation proposes to study achiev- 
ing and underachieving boys of the same 
high intellectual ability to determine possi- 
ble causes for the differences in their aca- 
demic performance. The areas which were 
explored for possible significant differences 


* A paper presented at the Thirty-Second An- 
nual Meeting of the National Association for Re- 
search in Science Teaching, Hotel Dennis, At- 
lantic City, New Jersey, February 19, 1959. 

+ This paper is based upon the author’s doctoral 
study entitled “A Comparative Study of Achiev- 
ing and Underachieving High School Boys of 
High Intellectual Ability’ submitted in partial 
fulfillment of the requirements for the Ph.D. de- 
gree at the Graduate School of Education, Yeshiva 
University, granted in June 1958. 


between the two groups were: (1) aptitudes 
(2) interest (3) personal problems (4) 
health (5) home and family background 
(6) socio-economic status (7) reaction to 
school subjects (8) reaction to school (9) 
out-of-school activities (10) vocational and 
college planning and (11) academic pet 
formance in junior high school 

Instruments. The data related to each of 
the eleven areas were collected with the 
following instruments (a) Differential Ap 
titude Tests (D.A.T.), (b) Kuder Voca 
tional Preference Record, (c) Mooney Prob 
lem Check List, (d) School records. (e) a 
Student Questionnaire of 39 items prepared 
by the investigator, and (f) the Hamburger 
Scale for rating socio-economic class 

The Experimental Group. The subjects 
participating in this study were selected 
from the male population of the senior class 
of June 1957 at the Bronx High School 
of Science in New York City. The experi 
mental group consisted of fifty pairs of boys, 
each pair composed of an achiever and an 
underachiever matched on the basis of 
equivalent I.Q., school entrance examina- 
tion score, and age. 

Definition of Terms. \chiever was de 
fined as a student in the top or first quartile 
of his class with a scholastic average of at 
least 89 per cent for the tenth and eleventh 
vears. Underachiever was defined as a 
student in lowest or fourth quartile of the 
same class with a scholastic average of 79 
per cent or less for the tenth and eleventh 
years. 

Academic Environment of the Study. 
The study was limited to the Bronx High 
School of Science because not only was it 
an ideal source of subjects for this study 


but also because the investigator has been a 
S 
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teacher and guidance counselor at the school 
since 1940, 
being in 1938, was designed to meet the 


The school which came into 


needs of high ability students interested in 
science and mathematics. The school pop- 
ulation is about 2400, one third of whom 
About 800 students are admitted 
annually, 150 from the elementary schools 
to the ninth year and 650 from the junior 
high schools to the tenth year. About 98 
per cent of those who are graduated from 


are girls. 


the school enter college. The school has 
been described by Wolfe 


standing exception in this country in pro- 


“as being the out- 
viding stimulation and training for bright 
About 
students as 


youngsters with scientific interests.’ 
five times as 


can be accommodated apply for admission 


four to many 


to the school. In addition, because of the 
science-mathematics orientation of the cur- 
riculum, a program for selecting students 
has evolved which includes a written exam- 
ination administered at the school. It is an 
objective test consisting of three parts: 
reading comprehension, vocabulary, and 
arithmetic; ninety minutes are allowed for 
the entire test. 

The curriculum of the school aims to pre- 
pare students of high ability to meet the 
admission requirements of both liberal arts 
colleges, and engineering and_ technical 
schools. The subjects are those usually of- 
fered in an academic high school. How- 
ever, the curriculum is enriched by and 
supplemented with a broad program of elec- 
tive courses in science and mathematics. In 
addition, opportunities for acceleration and 
advanced study are possible by offerings of 
college-level courses in English, Mathe- 
matics, Biology, Chemistry, and Physics. 


SELECTION OF EXPERIMENTAL GROUP 


for Selecting 
In matching an achiever with an 


THE 
Criteria Experimental 
Group. 
underachiever, a maximum difference of 
five points in 1.Q., five points in school en- 
trance and twelve 
months in age, were used as a basis for ob- 


examination score, 


taining equivalent groups. 
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The scholastic average which was used 
to define achiever and underachiever was 
obtained by calculating the mathematical 
average of the final grades received in all 
the tenth 
Ninth year subjects were 


major subjects during and 
eleventh year. 
not included in the calculations since eighty 
per cent of the class were in junior high 
school during that year. Since one of the 
constant factors in this study was the 
school environment, marks received in 
other schools where differences in stand- 
ards and marking systems might exist, 
would tend to introduce a variable not in- 
cluded in this study. To obtain equivalent 
groups optimally matched, only white boys 
were included in the pairing procedure, and 
only ninth grade entrants were matched 
with ninth grade entrants, and those who 
came from junior high school and entered 
the school in the tenth grade were matched 
with tenth grade entrants. 

Testing Criteria by Preliminary Study. 
In May 1956, a preliminary study, using 
the class of June 1956, was used to test the 
criteria. Forty-two pairs of boys could be 
matched. 

Criteria Characteristics of the Experi- 
mental Group. In September 1956, using 
the criteria established for matching, it was 
possible to select a maximum of fifty pairs 
of boys from the class of June 1957 which 
had a male population of 468. The t-values 
for I.Q., entrance examination score, and 
age indicated that there were no significant 
differences between the two groups for these 
criteria. On the other hand, the t-value of 
23.76 for scholastic average clearly showed 
that the groups were significantly different 
in academic achievement, the mean differ- 
ence being 17.1, with a minimum of 9.5 and 
a maximum of 37.2 . The extrance exami- 
nation score was a composite of a score for 
the English and another for the Arithmetic 
part. In order to avoid inequalities in 
matching which might be masked by this 
composite score, the two groups were com- 
pared for each score separately. No signifi- 


cant differences were found between the 
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TABLE I 


A COMPARISON OF CRITERIA FOR Firry Pairs oF ACHIEVING AND UNpbER-ACHIEVING Boys SELECTED 
FROM THE CLASS OF JUNE 1957 


Criteria Group * Mean 
Intelligence A 140.66 
Quotient U 141.00 
Entrance Exam. A 161.70 
Score U 161.80 
Age in A 17.00 
Years U 17.00 
Scholastic A 91.24 
Average U 74.13 


“ The letters “A” and “U”’ are used to identify 
» Standard Deviation. 
** Significant at or beyond the .01 level. 


two groups in the English and Arithmetic 
parts of the entrance examination. The 
two groups were matched not only for the 
composite entrance score but also for the 
English and Arithmetic parts. 


FINDINGS 

A ptitudes. 

obtained by the fifty pairs of boys on the 

Four Differential Aptitude Tests which 
were administered in October 1956: 


The following results were 


S.D.” Range t-value 
12.05 114-164 

1.79 115-164 0.80 
13.60 137-190 

12.27 142-187 0.21 
0.60 16.00-18. 34 

0.55 15.83-18 .34 0.03 
1.69 89.0 -—96.2 

4.07 59.0 -79.5 23.76** 


the achievers and underachievers respectively. 


to understand concepts framed in words, 
the t-value being 2.83. These two tests 
are regarded as a measure of general learn- 
ing ability. The Space Relations and the 
Abstract Reasoning tests revealed no sig- 
nificant differences between the groups. 
The results of the Scholastic Aptitude 
Tests and the Scholarship Qualifying Tests 
which the school records indicated half the 


subjects had taken, substantiated the D.A.T. 


TABLE II 


Resutts or DAT Batrery TAKEN BY EXPERIMENTAL GROUP 


D.A.T. Test Group Mean 
Space A 61.48 
Relations U 62.93 
Abstract A 40.16 
Reasoning U 39.36 
Verbal / 42.40 
Reasoning U 39.85 
Numerical A 35.54 
Ability U 31.95 


** Significant at and beyond the 01 level. 


The Numerical Ability test discriminated 
most sharply between the two groups with 
a highly significant t-value of 5.15. The 
achievers were definitely superior in their 
ability to understand numerical relation- 
ships and in handling numerical concepts. 
In addition, the achievers showed definite 
superiority in Verbal Reasoning, the ability 


S.D. Range t-value 
16.73 28-92 

18.90 26-99 0.43 
4.44 25-47 

4.86 25-46 0.75 
4.66 29-49 

4.98 31-50 2.83** 
2.75 28 .75-40.00 

4.48 16 .00-37 .50 5.15** 


findings. The achievers showed signifi- 
cantly greater aptitudes than the under- 
achievers in the verbal and mathematical 
areas. 
Interests. 
of the two groups as measured by the Kuder 
Vocational Preference Record administered 
in October 1956 revealed the following: 


A comparison of the interests 
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TABLE III 


COMPARISON OF AREAS OI 


INTERESTS OF EXPERIMENTAL GROUP AS MEASURED BY THI 


TIONAL PREFERENCE RECORD 


Area of Interest Group Mean 
Outdoor A 41.08 
U 40.04 
Mechanical \ 35.58 
U 43.42 
Computational A 33.26 
U 29.00 
Scientific A 54.76 
U 45.64 
Persuasive A 38.20 
U 42.84 
Artistic A 20.38 
U 24.88 
Literary A 24.78 
U 22 .96 
Musical A 13.04 
U 11.12 
Social Service A 38.94 
U 34.92 
Clerical A 41.04 
U 42.18 


** Significant at and beyond the 01 level. 
* Significant at and beyond the 05 level. 


The interests of the U’s were significantly 
greater in the mechanical area whereas 
those of the A’s were in the scientific, the 
t-values being significant at the 01 level, 
3.18 for the former and 3.01 for the latter. 
In addition, the A’s were more interested 
in the computational and the U’s in the 
artistic, the t-values being significant at the 


05 level. 


significant differences. 


The other six areas showed no 


Kuper Voca 

Ee. Range t-value 
14.78 11-69 

16.88 8-68 0.31 
15.51 2-66 

12.19 11-63 3.18* 
9.42 11-50 

8.47 15-50 2.39" 
12.50 20-70 

13.60 15-66 3.01** 
13.41 11-69 

13.40 21-72 1.88 
9.19 6-42 

11.38 748 2.08* 
8.69 6-39 

7.83 4-36 1 32 
6.06 4-25 

7.81 3-29 20 
12.70 18-71 

13.29 12-62 1.55 
14.74 14-77 

12.97 16-80 0.39 

Personal Problems. The Mooney Prob- 


lem Check List administered in September 
1956 which was used as a measure of the 
personal problems of the two 
showed no significant difference in the total 


groups, 


number of problems underscored although 
the A’s indicated 723 and the U’s 906 prob- 
lems. An analysis by areas of the number 
of problems underscored revealed the fol- 


lowing : 


TABLE IV 


DISTRIBUTION OF PROBLEMS BY AREAS UNDERSCORED ON THE Mooney ProstEM CHECK List BY 
ACHIEVING AND UNDERACHIEVING Boys 

Area Group Mean S.D. Range t-value 
Health and A 2.20 2.03 0-9 
Physical Development U 1.84 1.85 0-7 0.89 
School 1.64 1.75 0-7 

U 5.28 3.14 0-14 6.62** 
Home and A 1.74 2.60 0-12 
Family U 1.88 2.63 0-12 0.21 
Money, Work and \ 3.32 2.94 0-15 
Future U 3.30 2.95 0-11 0.04 
Boy-Girl 1.96 2.56 0-13 
Relations U 1.88 2.43 0-11 0.16 
Relation to A 1.30 1.51 0-5 
People U 1.46 2.41 0-11 0).42 
Self-Centered A 2.28 2.46 0-12 
Concerns U 2.50 2.85 0-12 0.46 


** Significant at and beyond the 01 level. 
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“School” was the only area in which the 
U’s presented significantly more problems 
than the A’s. There were no significant 
differences in the other six areas. 

Of the 210 items of the Mooney, differ- 
ences in the frequency of responses signifi- 
cant at and beyond the 05 level occurred for 
only ten items. Of these nine were under- 
scored by significantly more U’s than A’s; 
eight of these were concerned with “School” 
and the other one was “being stubborn.” 
“Family quarrels” was the only item se- 
lected by more A’s than U’s. In answer 
to the free question “What problems are 
troubling you the most?’”’, the U’s reiter- 
ated their concern with school and marks, 
whereas the A’s were interested chiefly in 
the choice of college and vocation. 

Health. The information gathered by the 
Student Questionnaire regarding health 
showed no differences between the two 
groups in weight, height, hearing, speech, 
general state of health, and physical dis- 
abilities. The U’s, however, reported sig- 
nificantly more days absent from school 
for health reasons, the t-value being 2.34. 
The A’s on the other hand registered sig- 
nificantly more health complaints, the t- 
value being 2.47, chiefly acne and allergies. 

Family and Home Background. ‘The 
Questionnaire responses indicated no differ- 
ences between the two groups with respect 
to (a) number of rooms in the home (b) 
number of people living at home (c) size of 
family (d) number of disrupted family pat- 
terns, and (e) birth order of the subjects. 
Differences were found in the education and 
occupation of the parents. Using the Ed- 
ward's Scale for the classification of occupa- 
tions, more of the fathers of the A’s than 
U’s were found in the top three groups; 
(1) professional (2) semi-professional, and 
(3) proprietors, managers, and officials. 
With respect to number of years of school- 
ing completed by the parents of the two 
groups, it was found that the fathers of the 
A’s had significantly more formal education 
than the mothers, the t-value being 2.33. 
No significant difference between the fa- 
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thers and mothers of the U’s in this respect 
was found ; they had about the same amount 
of formal education. 

Significantly more working mothers were 
reported by the U’s than A’s, twenty-nine 
to seventeen, the chi-square value for the 
difference being 6.43 which is significant at 
and beyond the 05 level. More of the 
mothers of the U’s than A’s were in the 
lower three occupational groups. Almost 
two-thirds of them were typists, book 
keepers, secretaries, and saleswomen. 

Socio-Economic Status. Using the Ham- 
burger Scale for determining socio-eco 
nomic level, the A’s came from families 
which were rated significantly higher than 
those of the U’s. 

Reaction to School Subjects. In response 
to Questionnaire items requesting the sub- 
jects to name the major school subjects (a) 
liked best (b) found easiest (c) liked least, 
and (d) found most difficult, the following 
reactions were gleaned: Mathematics was 
ranked as the easiest, and mathematics and 
science as the best liked, English as the 
most difficult and least liked subject by the 
achievers. The wunderachievers, on the 
other hand, selected science as the easiest 
and best liked subject, and foreign language 
as the most difficult and least liked. Sig- 
nificantly more A’s than U’s selected mathe 
matics as the easiest and best liked subject, 
and English as the most difficult. The U's 
chose science as the easiest and mathe 
matics as the most difficult school subject. 

Reaction to School. The criteria selected 
to measure reaction to school were (a) at 
tendance (b) discipline record, and (c) 
participation in extra-curricular activities. 
These data were obtained from official 
school records. According to official at 
tendance records, the U’s were absent from 
school significantly more often than the A’s, 
the t-value being 3.58 significant at the O1 
level. School discipline records showed 
about four times as many offenses recorded 
against U's than A’s, the t-value being 4.07, 
significant at and beyond the 01 level. With 
respect to extra-curricular activities, the 
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A’s engaged in significantly more, the t- 
value being 5.35, significant at the 01 level. 
Twelve U’s had records of no extra-curricu- 
lar activities. The A’s engaged significantly 
more frequently in students government 
and publications, in science and mathe- 
matics clubs, and in the Social Studies club. 

Out-of-School and Leisure Time Ac- 
tivities. The U’s belonged to significantly 
more athletic and social clubs, and were 
the Scout 
In so far as leasure time activi- 


somewhat more interested in 
movement. 
ties were concerned, the A’s tended to spend 
more time reading whereas the U’s were 
more interested in shop-work activities. 

Vocational and College Planning. Ques- 
tionnaire responses with respect to voca- 
tional planning were the following : 


TABLE V 


VocATIONAL CHOICES OF ACHIEVERS AND 
UNDERACHIEVERS 
Scientific 
: Non-Sci- Un- 
Group Tech. General _ entific decided 
\ 14 22 0 14 
U 22 9 4 15 
Chi- 
square 1.36 4.65* a0 0 


* Significant at and beyond the 05 level. 

Significantly more A’s planned to enter 
general fields of science such as mathe- 
matics, biology, chemistry and physics. The 
U’s, in contrast tended more in the direction 
of applied sciences and technical fields. 

Responses to a Guidance Committee 
questionnaire dealing with the choice of 
college program in June 1957 at the time 
of graduation were as follows: 
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Significantly more A’s than U’s planned 
to follow a liberal arts college program ma- 
joring in science, whereas more U’s than 
A’s planned to enter non-science fields such 
as business administration, accountacy, and 
the like. Of those who were undecided as 
seen in Table V, more U’s than A’s se- 
lected non-science fields. 

Concerning expected sources of finances 
for college, more U’s as evidenced by the 
chi-square value of 4.11 significant at the 
O5 level, expected their parents to com- 
pletely finance their college education. 

Junior High School Record. The records 
of forty-three pairs of boys who entered the 
school in the tenth year from junior high 
school were studied to determine whether 
their patterns of academic achievement was 
developed in the senior high school or had 
previously been established in the junior 
high school. It was found that twenty- 
eight achievers and thirty underachievers 
had been considered as intellectually gifted 
and had been placed in Special Progress 
(S.P.) classes in junior high school which 
had completed three years of work in two 
years. 

In addition, the results of the reading and 
arithmetic achievement tests, which had 
been taken in junior high school attested 
to their superiority. The Stanford Read- 
ing Test showed no differences between the 
groups ; about one third of each group made 
perfect scores and practically the entire 
group made grade equivalent scores above 
10.0 derived by extrapolation. The mean 
grade equivalent score was approximately 
On the other hand, the New York 
Arithmetic Test discriminated, the grade 


11 plus. 


TABLE VI 


CHOICE OF COLLEGE 


PROGRAM BY THE 


EXPERIMENTAL GROUP 


Liberal Arts 


Group Technical Science 
A 14 27 
U 18 12 
Chi-square 1.47 5 .03* 


* Significant at and beyond the .05 level. 


Non-Science Non-Liberal Arts Undecided 


5 0 4 
7 8 5 
0.08 6.13* 0 
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equivalent scores of the A’s was signifi- 
cantly higher, the t-value being 3.12 sig- 
nificant at the Ol level. Nine A’s made 
perfect scores, and practically the entire 
group scoring above 9.4 also derived by 
extrapolation. The mean grade equivalent 
score of the A’s was 11.59, and that of the 
U’s was 10.84. 

A comparison of the grades received by 
the two groups in the ninth year of junior 
high school showed the following: 


TABLE VII 


ScHOLASTIC AVERAGE FOR THE NINTH YEAR OF 
Junior Hicu Scwoor or Forty-THREE 
Pairs oF ACHIEVERS AND 
U NDERACHIEVERS 


Group Mean S.D. Range t-value 
A 90.98 3.00 97 .00-84 .00 
U 82.44 5.08 91.20-71.00 10.33** 


** Significant at and beyond the 01 level. 


The scholastic record of the two groups 
for the ninth year indicated that they were 
performing distinctly different. Three 
quarters of the A’s attained average of 89 
per cent or better, the lowest being 84. 
Half the U’s earned less than 80 per cent, 
fifteen were between 80 and 84, and only 
four were above 89 per cent ; three-quarters 
of the U’s had averages of less than 84 per 


cent. 


CONCLUSIONS 


1. Aptitudes. Although the pairs were 
matched for equivalent 1.Q. and school en- 
trance examination, the achievers proved 
to be distinctly superior to the under- 
achievers in mathematical and verbal apti- 
tudes, patricularly in the former. 

2. Interests. The interest patterns of 
the two groups were distinctly different. 
The interests of the achievers were greater 
in mathematics and science whereas those 
of the underachievers were in the mechani- 
cal and artistic areas. 

3. Personal Problems. While the chief 
concern of the underachiever appeared to 
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be his present scholastic inadequacies, the 
achievers was primarily thinking about the 
future, college and vocational choices. 

4. Health. Although the U’s reported 
twice as many days absent from school for 
health reasons and official attendance re- 
cords disclosed that the U’s were absent 
from school significantly more frequently, 
they registered fewer specific health com- 
plaints in the Student Questionnaire, and 
underscored fewer items in the Health and 
Physical Development area of the Mooney. 
No evidence was found to lead one to be- 
lieve that the two groups differed signifi- 
cantly in health. It seemed likely that the 
more frequent absence from school for 
health reasons reported by the U’s might 
not necessarily have been the results of 
physical illness. 

5. Home and Family Background, A\l- 
though the physical aspects of the families 
of the two groups were very much alike, 
significant differences in the education and 
occupation of the parents existed. More 
of the fathers’ of the A’s were in the top 
three occupational groups and they had 
more formal schooling than their wives. 
More of the mothers’ of the U’s were work 
ing and they had at least as much schooling 
as their husbands. 

6. Socio-Economic Status. As expected, 
the families of the A’s were rated higher on 
the Hamburger Socio-Economic scale. 

7. Reaction to School Subjects. The 
selection by the achievers of mathematics 
as the easiest, and science and mathematics 
as the best liked school subjects, was prob- 
ably a reflection of their superior aptitude 
and greater interest in these areas. Sim- 
ilarly, the distaste of the U’s for mathe- 
matics mirrored the difficulty which they 
had with this subject. 

The negative reactions of the A’s to 
English might be an expression of their 
science-mathematics preference. The selec- 
tion of science as the easiest and best liked 
subject by the U’s might be explained by 


the fact that the sciences with their con- 
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comitant laboratory opportunities offered 
an outlet for their mechanical interests. 

8. Reaction to School. It was not sur- 
prising to find that the U's evidenced nega- 
tive attitudes towards school, the major 
source of their personal problems, in terms 
of poorer attendance record, more recorded 
disciplinary offenses, and participation in 
fewer extra-curricular activities. In gen- 
eral, the U’s were more recalcitrant, less 
conforming, and less happy at school. The 
achievers, in contrast, were more conform- 
ing, rarely broke school regulations, par- 
ticipated in more school activities and as- 
sumed positions of leadership and responsi- 
bility. 

9. Out-of-School and Leisure Activities. 
The greater participation of the U’s in out- 
of-school organizations such as Social and 
Athletic clubs, and the Scouts, may have 
been a substitute for school activities. 

10. Vocational and College 
The achievers appeared to regard college 


Planning. 


as preparatory for a career in science with 
the expectation of going on to graduate 
The 


achievers tended to think of college in terms 


school for specialization. under- 
of direct vocational preparation; those go- 
ing into the sciences were planning careers 
in applied and technical fields. However, a 
substantial number of U’s planned to pre- 
pare for and enter non-science fields. 

11. Junior High School Academic Per- 
formance. Notwithstanding the superior 
intellectual ability of the two groups, the 
ninth year junior high school record left 
little doubt that the two groups performed 
differently in terms of academic achieve- 
ment. In general, the achievers maintained 
their high scholastic record while the per- 
formance of the underachievers deterior- 
ated. The difference in the mean scholastic 
average of the two groups was twice as 
great in high school as in junior high 
school. It appeared probable that the fac- 
tors related to scholastic underachievement 
of this group may have been operating be- 
fore these students entered the high school. 
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A COMPARISON OF INSTITUTIONS IN THE UNDER- 
GRADUATE TRAINING OF PH.D. CHEMISTS BY 
OCCUPATIONAL SPECIALIZATION * 


B. R. SrEBRING 


University of Wisconsin-Milwaukee, Milwaukee, Wisconsin 


TUDIES in recent years have tabu- 
lated baccalaureate origins of science 
Ph.D.’s... This article compares institu- 
tions in the undergraduate training of 


*A paper presented at the Thirty-Third An- 
nual Meeting of the National Association for 
Research in Science Teaching, Hotel Sherman, 
Chicago, Illinois, February 12, 1960. 

1J. N. Cooper, Am. J. Phys., 20, 200-2 (1952) ; 
H. B. Goodrich, R. H. Knapp, and A. W. Boehm, 
Sci. American, 195, 15-17 (July, 1951); R. H. 
Knapp and H. B. Goodrich, Science, 113, 543-45 
(1951); H. F. Lewis, J. Chem. Educ., 28, 104-7 
(1951); H. F. Lewis, Journal of Higher Educa- 
tion, 22, 297-304 (1951); National Research 
Council, Office of Scientific Personnel, “The 
3accalaureate Origins of the Science Doctorates 
Awarded in the United States 1936-1945,” Na- 
tional Research Council, Washington, D. C., 
1948; B. R. Siebring, J. Chem. Educ., 31, 195-200 
(1954). 


Ph.D. chemists in the five major occupa 
tional specializations of chemistry; bio- 
chemistry, inorganic, organic, physical, and 
analytical chemistry. It is important to 
remember that these were the fields in 
which the chemists were working at the 
time the data were gathered and not neces- 
sarily the fields in which the doctorates 
were earned. 

The baccalaureate origins by institution 
and occupational specialization were ob- 
tained from data gathered by the research 
staff on Scientific Personnel of the Ameri- 
can Council on Education. The following 
statement taken from the context of the 
report by this committee indicates that the 
reliability of the data is probably very 
high. 
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Every reasonable effort was made to insure 
complete coverage of all persons who earned 
doctor’s degrees with a major in science during 
the period 1936-1948. It would be futile to hope 
that not a single person had been omitted. Every 
source available, however, was carefully examined 
for names of persons falling within the scope of 
this study.” 


1936-1948, 19,576 
doctorates were granted in all fields of 


During the period 
science. Chemistry outranked by far all 
of the twenty-seven other fields recognized 
by this group. Chemistry accounted for 
Doc- 
torates in biochemistry were granted to 
1,064, or 5.4 per cent. 
not include the 335 chemists of this group 


6,203 doctorates, or 31.7 per cent. 
This study does 


who received their undergraduate training 
at a foreign institution. In addition to the 
classifications which appear in this article, 
762 chemists were in occupational special- 
ties outside of 


considered chemistry. 


Chemical engineering included 408. One 
thousand and forty-four were classified in 
general chemistry. 

When the institutions are compared by 
the number of baccalaureate graduates who 
earned the doctorate in the various fields 
of chemistry during the years 1936-1948, 
one finds that the University of Illinois 
ranks first in all fields except physical and 
biochemistry. Its lead in organic is over- 


whelming, having provided the under- 
graduate training for more than twice as 
many Ph.D. organic chemists as its clos- 
est competitor. The University of Cali- 
fornia shows a similar lead in physical 
chemistry, having provided the under- 
graduate training for nearly twice as many 
Ph.D. physical chemists as its closest com- 
petitor and nearly three times as many 
as the University of Illinois. 

Several schools rank much higher in one 
field than they do in the total group or 
other specializations. This is true for such 

2 American Council on Education Research 
Staff on Scientific Personnel, “The Production of 
Doctorates in Sciences; 1936-1948,” American 
Council on Education, Washington, D. C., 1951, 
p. 6. ; 
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institutions as Dartmouth College, the 
University of Nebraska, the University of 
Notre Dame, the University of Maryland 
and DePauw University in organic; for 
the University of Utah, Brown University 
and the University of Missouri in physical ; 
for Brigham Young University, the Uni- 
versity of Denver, Kansas State College of 
Agriculture and Applied 
Wayne University in biochemistry; for 
Mt. Union College, Wheaton College, the 
University of Wayne Uni- 
versity and Wesleyan University in ana- 
lytical; and for George Washington Uni- 


Science and 


Rochester, 


versity and San Jose State College in 
inorganic. 

Institutions with an unusually high de- 
gree of specialization in the undergraduate 
training of Ph.D. chemists are shown in 
Table I. In table 
ranked in each category by percentage in 


this institutions are 
each specialization of the total number of 
baccalaureate graduates in chemistry from 
that Ph.D. in 
chemistry. 


institution who earned a 


The geographic divisions utilized in 
Table II are those used by the United 
States Bureau of the Census: Northeast, 
Northcentral, West and South. The data 
in this table show that the Ph.D. chemists 
who earned their baccalaureate degrees in 
the western states are less likely to special- 
ize in organic chemistry and tend more 
toward physical and biochemistry than 
The 


central states lead in specialization in both 


graduates from other states. north 
analytical and inorgnanic chemistry. 
The type classifications used in Table 
III were universities, colleges, technical in- 
stitutions and teachers colleges. An 
institution classified as a university con- 
sisted of a liberal arts college and at least 
two professional schools. All other insti- 
tutions which offered a liberal arts course 
were classified as colleges. A few institu- 
tions classified as colleges also offered pro- 


fessional courses in one field. Institutions 
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TABLE I 


INSTITUTIONS WiTH AN UNUSUALLY HIGH SPECIALIZATION IN ONE OF THE 
Mayor FrIetps or CHEMISTRY 


Institution 


A. Organic 
University of Akron 
Southern Illinois University 
Amherst College 
College of St. Thomas 
Middlebury College 
College of Wooster 
University of Notre Dame 
Juniata College 
Grinnell College 
University of Nebraska 
Antioch College 
Franklin Marshall College 
University of Maryland 
All Institutions 
B. Physical 
Muskingum College 
Central Michigan College of Education 
Hamilton College 
Southwestern College 
Coe College 
Haverford College 
Dickinson College 
Duke University 
Carnegie Institute of Technology 
University of Utah 
University of Missouri 
All Institutions 
>. Biochemistry 
South Dakota University 
Bucknell University 
Northeastern Missouri State Teachers College 
University of Denver 
Brigham Young University 
Wayne University 
All Institutions 
D. Analytical 
Wheaton College 
Mt. Union College 
University of Maine 
Wesleyan University 
All Institutions 
*. Inorganic 
San Jose State College 
Clemson Agricultural College 
George Washington University 
All Institutions 


von 


classified as technical and teacher colleges 
did not offer liberal arts courses.* 
Probably the most surprising fact re- 


3 The type of offering for each institution was 
determined from the 1936 edition of “American 
Universities and Colleges” and the 1933-34 
edition of the “College Blue Book.” 


Number of Ph.D.’s Total Number (1) 
in indicated of Ph.D.’s in — 100 
field (1) Chemistry (2) (2) 
9 9 100 
12 16 75.0 
9 13 69.2 
ll 16 68.8 
7) 14 64.3 
14 22 63.6 
29 48 60.4 
12 21 57.1 
7] 16 56.3 
23 41 56.1 
14 25 56.0 
15 27 55.6 
2268 6932 32.7 
7 8 87.5 
4 5 80.0 
6 ll 54.5 
4 8 50.0 
6 12 50.0 
Ss 16 50.0 
5 11 45.4 
10 23 43.5 
10 25 40.0 
16 41 39.0 
11 29 37.9 
1154 6932 16.6 
6 11 54.5 
3 6 50.0 
4 8 50.0 
11 22 50.0 
11 23 47.8 
i) 22 40.9 
753 6932 10.9 
6 18 33.3 
6 19 31.6 
3 12 25.0 
4 20 20.0 
301 6932 4.3 
4 15 26.7 
3 5 20.0 
4 26 15.4 
239 6932 3.4 


vealed in Table III is the high specializa- 
tion in organic and inorganic of the gradu- 
ates of the teachers colleges. The graduates 
of colleges lead in specialization in physical 
and analytical chemistry. The universities 
lead in specialization in _ biochemistry. 
These trends in specialization are probably 
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LE II 


SPECIALIZATION OF PH.D. CHEMISTS IN THE VARIOUS FIELDS OF CHEMISTRY 
BY GEOGRAPHICAL DIVISIONS OF UNDERGRADUATE INSTITUTIONS 


7 . Organic Physical 3iochemistry Analytical Inorgani 
Geographical P 
Division Total Per Cent Per Cent Per Cent Per Cent Per Cent 
Northeast 2083 34.1 16.9 10.2 3.7 2.8 
North Central 2835 34.4 15.2 11.1 5.0 4.0 
West 888 22.2 21.2 14.3 4.4 3.3 
South 1126 34.1 16.3 8.8 3.7 5 
Total 6932 32.7 16.6 10.9 4.3 
TABLE III 
SPECIALIZATION OF PH.D. CHEMISTS IN THE VARIOUS FIELDS OF CHEMISTRY 
BY TYPE OF UNDERGRADUATE INSTITUTION 
Type of Organic Physical 3iochemistry Analytical Inorgani 
Institution Total Per Cent Per Cent Per Cent Per Cent Per Cent 
Universities 3966 31.3 16.1 12.1 4.0 3.1 
Colleges 2129 36.5 18.4 8.6 5.3 3.8 
Technical 672 26.0 15.5 10.9 3.0 3.7 
Teachers colleges 165 44.2 12.7 9.1 42 6.1 
Total 6932 32.7 16.6 10.9 4.3 3.4 


reflections of the offerings in chemistry of 
the various types of institutions. 

In a previous article, the writer com- 
pared institutions by calculating the ratio 
of doctorates in chemistry or biochemistry 
granted to the institution’s graduates in 
the 1936-1945 to 
grees granted by institutions in chemistry 
the 1932-1941.4 


Table Il presents a similar comparison 


decade bachelor’s de- 


majors during decade 
for each of the major specializations. The 


number of baccalaureate graduates in 
chemistry for the decade 1932-1941 was 
obtained by questionnaires sent to a se- 
lected group of institutions.® 


this 


In general, 


group included those institutions 
which provided the undergraduate train- 
ing for five or more chemistry doctorates 
The 


data presented in Table II is net complete, 


granted in the 1936-1945 period. 


since the replies to this questionnaire sup- 
plied the necessary information for only 
two-thirds of the institutions to which the 
form was sent. 

Again, there is considerable difference 
in rank among the various specialization. 


4 Siebring, op. cit. 
5 Ibid 


The correlation with the rank using all 
Ph.D. chemists is the greatest in organic 
chemistry. This high correlation is readily 
explained by the high percentage of Ph.D. 
chemists who specialized in organic chem- 
istry. Over thirty-two per cent of the 
1936-1948 Ph.D. chemists specialized in 
organic chemistry. 


However, even here 


we see some large differences in rank. 
both 


classifications the ranks differ considerably 


in the physical and _ biochemistry 
from the total rank. There is little cor- 
the total the 


rank in analytical and inorganic chemis- 


relation between rank and 
try. 

From the Ph.D.-Bachelor ratios it is evi- 
dent that certain institutions are unusually 
successful in preparing and_ stimulating 
their undergraduate chemistry majors for 
interesting 


work. It would be 


to 


advanced 
and valuable know what factors have 


been responsible for the unusual accom 
plishments of these institutions. Certainly 
the professors in these various fields of 
chemistry were largely responsible. 
When the Ph.D.-Bachelor ratio was cal 
culated for each of the geographical divi 


> 
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TABLE IV 
Pu.D.-BAcCHELoR RAtios FoR INsTiruTIONS LEADING IN EACH SPECIALIZATION 
Grads 
panic to Chem. 
’ Ph.D. Chem. Rank 
Cent 1936-45 Grads (1) (2) from Total 
8 in Spec. 1932-41 x 100 (3) Rank 
0 Institution (1) (2) (3) (4) (5) 
. A. Organic 
"4 Rice Institute 9 30 30.0 1 1 
University of Idaho 8 32 25.0 2 2 
University of Notre Dame 24 96 25.0 2 4 
Yale University 28 152 18.4 3 10 
Calvin College 4 22 18.2 4 5 
Swarthmore College 9 53 17.0 5 6 
Antioch College 11 69 15.9 6 22 
ganic Florida Southern College 3 19 15.8 7 17 
St. Vincent College 6 40 15.0 8 45 
Cent DePauw University 17 116 14.7 Y 8 
3] Massachusetts Institute of Technology 26 182 14.3 10 6 
38 Oberlin College 21 150 14.0 11 9 
37 Wabash College 8 57 14.0 11 17 
5.1 Wittenberg College 6 43 14.0 11 26 
3 4 Rensselaer Polytechnic Institute 12 91 13.2 2 16 
University of Illinois 104 786 13.2 12 22 
Hamline University 5 39 12.8 13 38 
x all St. Olaf College* ) 71 12.7 14 7 
ranic Dartmouth College 18 143 12.6 15 32 
re 
adily B. Physical _ 
”hD University of Idaho 7 32 21.9 l 2 
iat Rice Institute 5 30 16.7 2 l 
hem- Michigan College of Mining & Technology 3 22 13.6 3 33 
~ the Carnegie Institute of Technology 9 71 27 4 11 
. University of Utah 13 108 12.0 5 18 
‘din Oberlin College 17 150 11.3 6 9 
here California Institute of Technology 8 74 10.8 7 3 
rank. Centenary College 3 30 10.0 8 49 
ae University of Buffalo” 5 54 9.3 ) 48 
ustry Clarkson College of Technology 1 11 9.1 10 44 
rably Colorado College 6 69 8.7 ll 51 
cor- Kenyon College 2 23 8.7 1] 21 
Evansville College 2 25 8.0 12 25 
| the Yale University 12 152 7.9 13 10 
emis- Hiram College 4 53 7.5 14 24 
C. Biochemistry 
s ei- Nebraska Wesleyan University 2 16 12.5 l 19 
: St. Olaf College" 7 71 9.9 2 7 
sually Brigham Young University 10 104 9.6 3 47 
lating Catholic University of America 4 43 9.3 4 13 
=> South Dakota University 6 65 9.2 5 77 
's lor Clarkson College of Technology l 11 9.1 6 44 
sting Utah State Agricultural College 5 59 8.5 7 14 
bie California Institute of Technology 5 74 6.8 8 3 
‘ Alabama Polytechnic Institute 3 45 6.7 7) 12 
-com- Iowa State College of A & M Arts‘ 9 135 6.7 9 15 
tainly University of Wisconsin 28 436 6.4 10 17 
ds of D. Analytical 
Calvin College 2 22 9.1 l 5 
Wheaton College 4 97 4.2 2 71 
s cal Evansville College l 25 4.0 3 25 
ae University of South Dakota 2 53 3.8 4 77 
divi- 
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TABLE IV—Continued 

Alfred University 2 54 3.7 5 68 
Doane College 1 28 3.6 6 35 
University of Maine 3 86 B 7 56 
Mt. Union College 4 118 3.4 8 64 
Rice Institute 1 30 3.3 0) ] 

E. Inorganic 
San Jose State College 4 74 5.4 ] 65 
Florida Southern College l 19 5.3 2 17 
Evansville College ] 25 4.0 3 25 
University of Buffalo” 2 54 3.7 4 48 
Northeastern University ] 30 3.3 5 55 
St. Olaf College* 2 71 2.8 6 7 


*St. Olaf College reported that 30 of the 71 chemistry graduates during the period had earned th« 


doctorate in chemistry. 


"University of Buffalo listed the number of baccalaureate degrees for eight of the ten years. Th« 
number 54 was obtained by multiplying the average for these eight years by 10. 
* The total baccalaureate degrees includes 135 B.S.’s in chemistry and 68 in chemistry technology. 


sions, it was found that the North Central 
had_ the Ph.D.-Bachelor 
ratio in all areas except biochemistry and 


states highest 


physical chemistry. The lead of this area 
was the largest in organic chemistry. The 
Western states showed large leads in both 
physical chemistry and biochemistry. 


The technical schools, as a group, had 
Ph.D.-Bachelor ratio all 
The ranked sec- 
ond and colleges third in all areas except 


the highest in 


categories. universities 


analytical chemistry. The colleges had a 


larger Ph.D.-Bachelor ratio in analytical 


chemistry than the universities. 


A COMPARISON OF INSTITUTIONS IN THE GRADUATE 
TRAINING OF PH.D. CHEMISTS BY 
OCCUPATIONAL SPECIALIZATION * 


B. 


R. SIEBRING 


University of Wisconsin-Milwaukee, Milwaukee, Wisconsin 


N a previous paper the writer used data 


I 


Education to compare institutions in the 


gathered by the American Council on 


undergraduate training of Ph.D. Chemists 


in the five major occupational specializa- 
tions of chemistry: biochemistry, inor- 
ganic, organic, physical and analytical 


chemistry. In this article similar com- 

* A paper presented at the Thirty-Third An- 
nual Meeting of the National Association for 
Research in Science Teaching, Hotel Sherman, 
Chicago, Illinois, February 12, 1960. 

1B. R. Siebring, Science Education, 44:289- 
294. (Previous paper) ; National Research Coun- 
cil, Office of Scientific Personnel, “The bacca- 
laureate Origins of Science Doctorates Awarded 
in the United States 1936-1948,” National 
search Council, Washington, D. C., 1948. 


Re- 


parisons are made in the graduate training 


of chemists in these same areas of spe- 
cialization. 

During the years 1936-1948, there were 
eighty-six institutions which granted one 
or more doctoral degrees in chemistry and 
biochemistry. These institutions were dis- 
tributed according to the geographical di- 
utilized the United States 


Northeast, 


visions by 


Bureau of Census as follows: 
twenty-seven; Northcentral, twenty-seven ; 
West, eleven; South, twenty-one. 

The institutions were compared in re- 
gard to the number of chemistry doctoral 
graduates during the years 1936-1948 who 
specialized in one of the five major fields. 
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It is important to remember that the chem- 
ists were classified according to the field 
in which they were working at the time the 
data were gathered and not necessarily the 
fields in which the doctorates were earned. 
In addition to the classifications which ap- 
pear in this paper, chemists were classified 
in chemical engineering, general chemistry, 
and specialities considered outside of the 
field of chemistry. 

The University of Illinois ranked first 
in all fields except physical and biochemis- 
try. Its lead in organic chemistry was very 
large ; it provided the graduate training for 
over a hundred more students than its 
nearest competitor. The University of 
Wisconsin, which ranked first in biochem- 
istry, provided graduate training for twice 
as many biochemist Ph.D. chemists as did 
the University of Illinois. The University 
of California occupied a similar position in 
physical chemistry. 


COMPARISON OF 


INSTITUTIONS 295 


Some universities ranked much higher 


ig 
in one area than they did in others. This 
was true for Ohio State University, the 
University of Notre Dame, and the Uni- 
versity of Nebraska in organic; for the 
University of California, Princeton Uni 
versity, California Institute of Technology 
and Brown University in physical ; for the 
University of Rochester, Georgetown Uni 
versity, the University of Missouri, St 
Louis University, the University of Colo 
rado and the University of Pittsburgh in 
biochemistry ; for the University of Michi 
gan, Princeton University, State Uni 
versity of Iowa, Rutgers University and 
the University of North Carolina in ana 
lytical; for Western Reserve University, 
Indiana University and Polytechnic Insti 
tute of Brooklyn in inorganic chemistry 

Institutions with an unusually high de 
gree of specialization in graduate training 


of Ph.D. chemists are shown in Table | 


TABLE I 


INSTITUTIONS WITH AN UNUSUALLY HIGH DecGrEE or SPECIALIZATION 
IN THE GRADUATE TRAINING OF PH.D. CHEMISTS 


Institution 

A. Organic 
University of Notre Dame 
University of Florida 
Bryn Mawr 
University of Nebraska 
Ohio State University 
Northwestern University 
University of Kansas 
Fordham University 
University of Maryland 
Clark University 
Harvard University 
Purdue University 
University of Illinois 
University of Pennsylvania 
Pennsylvania State University 
Yale University 
Rennselaer Polytechnic Institute 
All Institutions 


_— 
es) 


. Physical 

Brown University 

Carnegie Institute of Technology 
Princeton University 


Number of 
Ph.D.’s in 
Indicated 


Total Number 
of Ph.D.’s in 


Field Chemistry » X 100 
(1) (2) (3) 
45 69 65.2 
11 18 61.1 

6 10 60.0 
33 55 60.0 

125 213 58.7 
69 131 52.7 
13 25 52.0 
16 32 50.0 
47 100 47.0 
10 22 45.5 
78 172 45.3 
109 245 44.5 

236 533 44.3 
40 97 42.3 
102 244 41.8 
68 169 40.2 
10 25 40.0 

2321 7263 32.0 
26 48 54.2 
16 34 47.1 
56 128 43.8 
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Lehigh University 

State College of Washington 
West Virginia University 
University of California 
Duke University 

Rice Institute 

Louisiana State University 
University of Buffalo 
Stanford University 

Yale University 

All Institutions 


~ 


>. Biochemistry 

George Washington University 
Georgetown University 

St. Louis University 

Catholic University 

University of Colorado 
University of Missouri 
Washington University (Mo.) 
University of Minnesota 
University of Wisconsin 
University of Rochester 
Fordham University 

3oston University 

University of Southern California 
3ryn Mawr 

All Institutions 


D. Analytical 
Rutgers University 
Syracuse University 
Boston University 
Lehigh University 
Vanderbilt University 
Princeton University 
University of Colorado 
University of Michigan 
State University of Iowa 
University of Washington 
University of North Carolina 
Rensselaer Polytechnic Institute 
All Institutions 


~~ 


*. Inorganic 

St. Louis University 

Syracuse University 

Western Reserve University 
University of Southern California 
Indiana University 

Cornell University 

Oregon State College 

Polytechnic Institute of Brooklyn 
All Institutions 


In this table institutions are ranked in each 


category by percentage in each 


tion of the total number of chemistry doc- 
torates granted by that institution. The 
highest degree of specialization is shown 
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31 
18 
84 
34 
87 
239 
27 
97 
7263 
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17.0 
16.7 
14.3 
13.3 
12.5 
11.7 
10.0 
10.0 
9.5 
9.5 
8.8 
8.0 
4.2 


12.9 
11.1 
10.7 
8.8 
8.0 
7.9 
7.4 
Y i - 
3.2 


at the University of Notre Dame, where 
65.2 per cent of the chemistry doctrates 
are granted in organic chemistry. 

Table II shows the degree of specializa- 
tion by major geographical regions. The 
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TABLE II 


SPECIALIZATION OF PH.D. CHEMISTS IN THE VARIOUS FIELDS OF CHEMISTRY BY 
GEOGRAPHICAL Division oF INSTITUTIONS GRANTING THE DOocToRATE 


Geographical Organic 
Division Total % 
Northeast 2456 30.7 
North Central 3331 35.9 
West 598 19.1 
South 878 29.4 
Total 7263 32.0 


geographical divisions used are those uti- 
lized by the United States Bureau of 
Census. Probably the most important fact 
revealed by this table is that the institutions 
in the Western States have a high degree 
of specialization in physical chemistry and 


Physical siochemistry Analytical Inorganic 
a7 % % 
19.1 9.0 3.9 2.6 
12.2 12.7 4.6 3.8 
30.9 14.4 4.5 4.0 
15.6 10.0 3.3 1.8 
16.5 11.3 4.2 3.2 


a low degree of specialization in organic 
chemistry. In addition, the West leads 
in specialization in inorganic and biochem- 
istry and nearly ties for first in specializa- 
tion in analytical chemistry. The North- 
central states lead in organic chemistiry. 


PRINCIPLES IN ALTERNATING CURRENT ELECTRICITY 
WHICH ARE IMPORTANT TO HIGH SCHOOL 
TEACHERS OF PHYSICS * 


R. M. 


HELMS 


East Carolina College, Greenville, North Carolina 


( bssenme are three large areas of use of al- 
ternating current electricity. One of 
these is the use of such currents for general 
power purposes wherein electric energy 
is transformed into such other forms as 
heat, mechanical motion, and __ light. 
Another area is that of communication, as 
in radio, telephones, and sound amplifica- 
tion. The third area may be described as 
specialized uses including such techniques 
as ultra-sonics, information impulses, and 
diathermy. Though basic principles of 
alternating current extend through all three 
of these fields, it is nevertheless true that 


in each field the different principles take 


* A paper presented at the Thirty-Second An- 
nual Meeting of the National Association for 
Research in Science Teaching, Hotel Dennis, 
Atlantic City, New Jersey, Febiuary 20, 1959. 
This paper based on the author’s doctoral dis- 
sertation for the degree of Doctor of Education, 
New York University, 1958. 


on different degrees of application and im- 
portance, and may be treated in different 
ways. The two most significant differences 
between alternating current in the several 
fields are differences in frequency and in 
waveform. In the area concerned with the 
use of alternating current electricity as a 
commercial form of energy transport, the 
surges are characterized by a sine-wave 
form and by a frequency of not more than 
a few hundred cycles per second, most com- 
monly 25, 50, 60, or 440 cy cles per second. 
It is with this area of alternating current 
electricity that this article is concerned. 


CRITERIA FOR IDENTIFYING PRINCIPALS 

Teachers of science have probably al- 
ways been concerned about principles as 
important learnings in their courses and 
have used them consciously and deliberately 
in their teaching. In 1861 when writing 
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the preface to his text, Denison Olmstead,' 
Professor of Natural Philosophy at Yale 
College, gave especial attention to the sub- 
ject of principles. He considered the laws 
of nature to be “great comprehensive prin- 
ciples.” To these, and lesser principles, 
he ascribes the properties of guidance in 
the “various arts of life,’ and abilities to 
understand the phenomena of nature. He 
distinguishes between the “facts and prin- 
ciples embraced” in the science. “Knowl- 
edge of philosophical principles would sug- 
gest easier modes of performing the 
same labor; it would multiply inventions 
and discoveries; and it would... (pro- 
vide) ...a constant flow of the satisfaction 
which always attends a clear understand- 
ee 

The Thirty-First Yearbook Committee * 
directed particular attention to the study of 
science. 


principles in These principles 


were defined as ‘‘abstractions formed from 
situations and 


this 


the connections of related 
Shortly 


Site * had defined a principle to be “‘a state- 


responses.” * earlier than 
ment of a relationship which is significant 
in its application.” 

For collecting and formulating certain 
basic conceptions in General Science in 
1928, Downing ® defined a principle as “a 
statement of relationship, frequently causal 
in nature, between facts. It is not to be 
confused with a “generalized fact” such as, 
‘All insects have six legs.” The principle or 
generalization is built on the basis of gen- 


Rudiments of 


New Y« rk : 


Natural 
Collins 


1 Denison Olmstead, 
Philosophy and Astronomy. 
and Brothers, 1861, pp. i-v. 

* National Society for the Study of Education: 
Thirty-First Yearbook, Part II: A Program fo? 
Teaching Science. 


8 [bid., p. 44. 


+ J. T. Site, Chemical Principles, Concepts, and 
Technical Terms Used in Science Magazines. 
Masters Thesis (unpublished). University of 


Chicago, 1930. 

5E. R. Downing, “An Analysis of Text-books 
in General Science,” General Science Quarterly, 
12 :509-516, (May 1928). 
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eral facts, but once molded, it serves to 
make meaningful other facts and condi- 
tions.” 

Perhaps the first set of analytical cri- 
teria 1935. 


Pruitt © made a study of science magazines, 


for principles, appeared in 


Kegents examinations, textbooks, and pop- 


ular books of science for concepts and 


He listed his criteria for 
generalizations as follows: 


generalizations. 


1.A generalization shall be as simple, com- 
prehensive and definitely stated as possible. 


bo 


.A generalization must be a statement of some 
fundamental constant mode of 
behavior or relating natural phe- 


process, or 
property 
nomena, 


we 


A generalization must be true without excep- 
tions within the limitations made in the state 
ment. 


i 


.A generalization must be a statement capable 
of demonstration. 


wn 


.A generalization must not be subordinate to 


a larger generalization. 


.A generalization must not deal with specific 
or limited groups of substances. 


7.A generalization must not be a definition. 


In the same year Robertson? reported a 
list of 
other studies. 


science principles collected from 
Criteria which he used were 
much like the list above: 


1.To be a principle, a statement must be a 
comprehensive generalization. 


to 


It must be true without exception within the 
limits specifically stated. 


w 


. It must be a clear statement of a process or 
an interaction. 


~ 


It must be capable of illustration so as to gain 
conviction. 


un 


. It must not be a part of a larger principle. 


. It must not be a definition. 


— 


. It must not deal with a specific substance or 
variety, or with a limited group of sub- 
stances or species. 


“I 


6C. M. Pruitt, An Analysis, Evolution, and 
Synthesis of Subject Matter Concepts and Gen- 
eralizations in Chemistry, Ph.D. Thesis. Teachers 
College, Columbia University, 1935, p. 158. 

7M. L. Robertson, “The Selection of Science 
Principles Suitable as Goals of Instruction in 
Elementary Science,” Science Education, 29 :1-4, 
(February 1935). 
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In 1935 Arnold *® used the first four of 
Pruitt’s criteria in a study for field geology. 
For a selection of principles for physical 
science Wise ® modified Pruitt’s criteria, re- 


duced the number, and listed them as: 


1.To be a principle a statement must be a 
comprehensive generalization describing some 
fundamental process, constant mode of behav- 
ior, or property relating to natural phenomena. 

2.It must be true without exception within 
limitations specifically stated. 

3. It must be capable of illustration. 

4. It must not be a definition. 


Blanchet,?” Miles !* 


adopted the four criteria of Wise in their 


Adams,'' and 


studies, all of which pertained to principles 
in physical science. The present study is 
concerned with one area in the discipline 
of physics. The quantitative and mathe- 
matical nature of physics made it necessary 
to rephrase the above criteria in order to 
adopt them for use in this study. The 
adopted criteria are listed below: 
1.To be a principle a statement must be a 
comprehensive generalization describing some 
fundamental relationship of electrical param- 


eters, or property relating to natural phe- 
nomena. 


to 


It must be true without exception within 
limitations specifically stated. 

3. It must be capable of illustration. 

4. It must not be a definition. 


8H. J. Arnold, The Selection, Organization, and 
Evolution of Localities Available for the Un- 
specialised Field Work in Earth Sciences in the 
New York Region. Bureau of Publications, 
Columbia University, New York, 1935, pp. 26-27. 

9H. E. Wise, A Determination of the Relative 
Importance of Principles of Physical Science for 
General Education. Ph.D. Thesis, University of 
Michigan, 1941. 

10 W. E. Blanchet, A Basis for the Selection of 
Course Content for Survey Courses in the Natural 
Sciences. Unpublished Doctor’s Thesis, Uni- 
versity of Michigan, 1946. 

11 J. V. Adams, Science Demonstrations for the 
Vocational Shop. Unpublished Doctor’s Thesis, 
New York University, 1947. 

12'V. W. Miles, Principles and Experiments for 
Courses of Integrated Physical Science. Doctor's 
Thesis, University of Michigan, 1947. 
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SEARCH FOR PRINCIPLES 


In order to identify the principles com- 
monly dealt with in alternating current 
electricity a study was made of eight text- 
books of physics.'**° These books have all 
been copyrighted since 1945 and those copy- 
righted before 1950 have demonstrated 
their fitness by repeated printing. 

Using the criteria as guides, each book 
was examined carefully in order to identify 
the principles of AC electricity which were 
involved. Most of these were found in one 
to three chapters pertaining specifically to 
alternating current. However, some were 
found in other chapters. For example, the 
principle concerning dissipation of energy, 
in the form of heat, by hysteresis in AC 
electromagnetic cores was often in the 
chapters on magnetics. It was therefore 
necessary to study practically the entire 
sections on electricity. 

In the text-books many principles were 
stated in algebraic form; others were given 
in extended form, often in a full paragraph. 
There were very few occasions where one 
author stated a principle in the same words 
as used by another author. The principles 
as enumerated below therefore represent 
a fusion of presentations from the eight 
texts 


13N,. H. Black, An Introductory Course in 
College Physics. New York: The Macmillan 
Company, 1948. 

i#F. F. Burton, H. Grayson-Smith, F. M 
Quinlan, College Physics. New York: Pittman 
Publishing Corporation, 1948. 

15C, E. Mendenhall, A. S. Eve, D. A. Keys, 
R. M. Sutton, College Physics. Boston: D. ( 
Heath and Company, 1950. 

16H, A. Perkins, College Physics. New York 
Prentice-Hall, 1948. 

17 F. A. Saunders, and Paul Kirkpatrick, Colleg: 
Physics. New York: Henry Holt and Company, 
1953. 

18Q. M. Stewart, and N. S. Gingrich, Physics 
Boston: Ginn & Co., 1950 

19R, S. Weber, M. W. White, and K. V 
Manning, College Physics. New York: McGraw 
Hill Book Company, 1952 

20 J. G. Winans, Introductory General Physics 
Boston: Ginn and Company, 1952. 
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PRINCIPLES AND GENERALIZATIONS IN 


ALTERNATING CURRENT 


This set of principles is intended to deal 
with alternating current as used for pur- 
poses of electric power. Most of the prin- 
ciples are also applicable to higher fre- 
quency as used in radio circuits but 
consideration of such application is not 


The AC 


used in the generally accepted usage as 


intended herein. term will be 


referring to the alternating aspect of al- 
ternating current; thus AC voltage is not 
considered inconsistent. 

Principles Number 47 and 48 were not 
found in any textbook. They have been 
included because they are essential in ex- 
plaining certain devices which have become 
commonplace in both homes and offices in 
this decade. 


l.In a circuit carrying alternating current 
there is no net transfer of electrons. 

.In an alternating current generator there is 
induced an electro-motive force which has a 
sine wave form. 

. The waveform of a sine wave AC electron 
flow is reproduced in like form by the 
process of induction; other waveforms are 
not reproduced in like form. 

. The instantaneous value of an AC electron 
flow is equal to the product of the maximum 
value and the sine of the phase angle. 

. The average scalar value of an AC electron 
flow is equal to twice the maximum value 
over pi. 

. The effective value of an AC electron flow 
is equal to the maximum value divided by 
the square root of two. 

. Magnitudes of AC potential difference, 
electron flow, power, and energy may be 
measured by magnetic or by heating effects. 

8. AC electron flow varies inversely with 
impedance rather than inversely with simple 
resistance. 

. When an AC circuit contains both reactance 
and resistance, the impedance may be found 
from the diagonal of a rectangle whose base 


to 


w 


= 


ur 


ion 


“I 


oO 


represents resistance and whose altitude 
represents reactance. 

10. Inductive reactance varies directly with 
frequency and with inductance. 

11. Where magnetic flux is conserved, induct- 
ance varies directly with the square of the 
number of turns, and inversely with the 
reluctance of the magnetic circuit. 

12. Capacitive reactance varies inversely with 


frequency and with capacitance. 
13. The changing potential difference across a 
resistor is in phase with the changing 
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magnitude of the electron flow in an A( 
circuit. 


. The changing potential difference across an 


inductor leads the changing magnitude of the 
electron flow in an AC circuit. 


. The changing potential difference across a 


capacitor lags behind the changing magnitude 
of the electron flow in an AC circuit. 


. Potential differences of resistors, inductors, 


and capacitors can be represented as vectors 
resistors, inductors, and 
capacitors can be represented as vectors. 
flow in resistors, inductors, and 
capacitors can be represented as vectors. 
Vectors of any one sort can be added 
vectorially, as by vector-algebra procedure, 
or by the parallelogram method. 

Addition of AC vector quantities yield not 
only magnitude but also the phase angle 
relation of the potential difference and the 
electron flow which might be involved. 


. Power consumed in an AC circuit is equal 


to the product of the effective potential 
difference, the effective electron flow, and 
the cosine of the phase angle between the 
two. 

flow in a pure inductor or 
capacitor consumes no power. 

Power dissipated in an AC circuit is equal 
to the product of the effective resistance and 
the square of the effective rate of the flow. 


. Effective resistance, in a device subject to 


AC, is equal to the sum of resistance of 
conductance, resistance of eddy currents, 
resistance of magnetic hysteresis, and resist- 
ance of dielectric hysteresis. 


.In an AC circuit inductors always possess 


effective resistance while many capacitors 
are practically free of it. 

In a series circuit, the AC vector quantities 
that may be added are: (1) potential differ- 
ences, and (2) impedances; there is but one 
electron flow, identical in the several por- 
tions of the circuit. 


27. Only at series resonance is the effective rate 


of electron flow directly proportional to the 
effective potential difference and inversely 
proportional to the effective resistance. 


.In a series AC circuit containing resistance, 


inductance, and capacitance, the rate of 
electron flow is maximum at resonance. 

both 
values 


inductor and 
near 


differences of 


capacitor reach high series 


resonance. 


. At series resonance, the ratio of the potential 


difference of a reactance to the circuit poten 
tial difference equals the ratio of the react 
ance to the resistance of the circuit. 


.Ina parallel circuit, the AC vector quantities 


that may be added are: (1) rates of electron 
flow, and (2) reciprocals of impedances; 
there is but one potential difference, identical 
for each of the several parts of the parallel 
circuit. 





No. 4 


1 AC 


SS an 
of the 


OSS a 
litude 


ctors, 
ctors. 
and 
rs. 
and 
ors. 
added 
dure, 


d not 
angle 
d the 


equal 
ential 
, and 
n the 


r or 


equal 
e and 
flow. 
ct to 
ce of 
rents, 
‘esist- 


OSSESS 
citors 


ntities 
liffer- 
it one 

por- 


e rate 
to the 
ersely 
e. 

tance, 
te of 
ce. 

r and 
series 


ential 
yoten 
react- 


ntities 
-ctron 
inces ; 
ntical 
irallel 





Octoser, 1960] 


32. 


3 


nN 


38. 


40. 


4 


— 


pe 
th 


43. 


44. 


46. 


So 


+ 
~ 
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Within a parallel AC circuit containing 
resistance, inductance, and capacitance, elec- 
tron flow varies in each branch independently 
according to voltage and impedance; beyond 
the paralleled devices, electron flow is 
minimum at resonance. 


. At parallel resonance, the external electron 


flow is directly proportional to the product 
of effective potential difference, effective 
resistance, and capacitance, but is inversely 
proportional to inductance. 


. The frequency for resonance is inversely 


proportional to the square root of the product 
of inductance and capacitance. 


. The maximum operating voltage of a trans- 


former coil, either primary or secondary, is 
proportional to the number of turns of the 
coil, the frequency of the AC power, the 
cross-section of the core and the density of 
magnetic flux for saturation of the core. 


. Within the operating range, the self-induc- 


tive back electromotive force of the primary 
of a transformer is approximately equal to 
the applied potential difference. 


. Where magnetic flux is conserved, the elec- 


tromotive force of the secondary of a trans- 
former is proportional to the product of the 
induced electromotive force of the primary 
and the turns-ratio of the secondary to the 
primary. 

The electron flow in the primary of a trans- 
former is approximately equal to the product 
of the secondary electron flow and _ the 
turns-ratio of the secondary to the primary. 


. Resistance of a loaded transformer second- 


ary circuit is reflected into the primary cir- 
cuit in proportion to the square of the turns- 
ratio of the primary to the secondary. 
Efficiency of a transformer is equal to the 
secondary load power over the sum of the 
secondary load power, the copper heating 
power, the eddy current power, and the 
magnetic hysteresis power. 


. Lamination of the core of an AC electro- 


magnet reduces eddy currents. 


. Power loss due to hysteresis is proportional 


to the product of frequency, volume of iron, 
and area of hysteresis curve. 

Transmission of electric power is ac- 
complished most efficiently at high voltage 
and high power factor. 

A single phase AC magnet produces a vibrat- 
ing magnetic field. 


. Three phase AC magnets produce a rotating 


magnetic field, capable of rotating an arma- 
ture. 
Single phase alternating current can be split 
into two phases which can produce a rotating 
magnetic field capable of rotating an arma- 
ture. 


7. Shading portions of the poles of a single AC 


magnet causes a rotating magnetic field 
capable of rotating an armature. 

Shading portions of the poles of a single 
phase AC magnet causes a steadier pull on 
an iron load, or armature. 
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49. Valve-acting devices rectify AC, 

pulsating direct current. 

50. The low power factor of inductive loads can 
be corrected by the use of a paralleled 
capacitor. 

. More efficient generation and transmission of 
electric power is made possible by the use of 
polyphase AC. 

. Switching operations are more easily a 
complished with AC than with DC. 


yielding 


wn 
_ 


wn 
to 


PURPOSE AND AUTHENTICITY Ol 
THE PRINCIPLES 


The above principles were identified as a 
guide for study of another problem, which 
was the design of new experiences to be 
made available to students who are studying 
alternating current in the College Physics 
course. It was not the purpose of the study 
to present a definitive and authenticated list 
of principles. However, there were implied 
and incidental checks on the validity of 
the principles during their examination by 
a jury, as to be described later. The jury 
in rendering its judgments about these 
principles was concerned with the im- 
portance of the individual principles in the 
training of prospective teachers of high 
school physics, and therefore would be 
expected to reject false ones. The jurors 
were invited to make comments on the 
principles, and while there were a number 
of remarks, there was no challenge of any 
principle, nor suggestion of additional prin- 
ciples. The jury included three college 
physicists of national note, three prominent 
professors of science education with 
specialties in physics, and three well known 


successful teachers of high school physics. 


FREQUENCY OF OCCURRENCE OF THE 
PRINCIPLES IN TEXTBOOKS 


The frequency of occurrence of the prin- 
ciples in the several textbooks is recorded 
in Table I. The various principles are 
identified according to their number as in 
the preceding list. It will be noted that 
there is considerable divergence as to the 
extent of the treatment of alternating cur- 
rent electricity in the various textbooks. 
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TABLE I 


OcCURRENCE OF PRINCIPLES IN AC 1n ErGHt TEextTsooks oF COLLEGE Puysics 


Burton Weber 
Grayson- Mendenhall White 
Principle Smith Eve, Key Saunders Stewart Marsh 
Number Black Quinlan Sutton Perkins Kirkpatric Gingrich Manning Winans 
1 V Vv Vv Vv Vv \ 
2 v Vv Vv v Vv Vv Vv 
3 Vv v Vv 
4 V Vv V Vv V v 
5 Vv Vv 
6 Vv \ v Vv \ \ v Vv 
7 V Vv v Vv V Vv 
8 Vv Vv V Vv V Vv Vv 
9 Vv Vv V Vv V V V Vv 
10 Vv V V Vv V V \ Vv 
1] Vv v V 
12 Vv Vv Vv v Vv \ \ Vv 
13 Vv v Vv Vv Vv V Vv 
14 Vv v Vv V V v V Vv 
15 Vv v Vv Vv Vv Vv V v 
16 Vv Vv Vv v v 
17 V v v Vv \ Vv Vv 
18 Vv Vv v 
19 V Vv Vv Vv Vv Vv 
20 V v Vv Vv Vv Vv 
21 V Vv Vv Vv Vv V Vv Vv 
22 Vv Vv Vv Vv v v Vv 
23 Vv Vv V v V Vv 
24 Vv v Vv Vv 
25 Vv v v V Vv 
26 Vv Vv Vv Vv Vv 
27 v v v Vv v Vv 
28 Vv Vv v v Vv V Vv Vv 
29 v v Vv v 
30 Vv Vv v 
31 Vv v Vv 
32 Vv v 
33 v Vv 
34 Vv Vv v V Vv v Vv \ 
35 Vv Vv v Vv Vv Vv v 
36 Vv Vv Vv Vv Vv Vv Vv v 
37 Vv v v v Vv Vv v 
38 Vv 
39 V v Vv Vv V 
40 V V Vv Vv v Vv 
41 V Vv Vv Vv v v V 
42 V 
43 V V v v v V V V 
44 \ 
45 Vv V Vv V 
46 V Vv 
49* V V Vv Vv Vv 
50 v V 
51 V Vv V 
52 Vv Vv 


* Principles 47 and 48 were not found in any textbook. See explanation preceding Principle 1. 
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TABLE II 


A COMPARISON OF THE RatInGs ASSIGNED To PrincipLes or AC BY THE 
THREE GROUPS OF TEACHERS 


High School College Science Education 
Principle Physics Teachers Physics Teachers Teachers 
Number A B i; Sum D E F Sum G H I Sum otal 

l 3 5 3 11 5 4 5 14 3 3 3 9 34 
2 5 5 4 14 5 5 5 15 5 5 4 14 43 
3 4 4 3 11 4 3 4 11 4 2 ] 7 29 
4 3 4 4 11 5 4 4 13 3 4 3 10 34 
5 4 4 2 10 3 2 4 9) 3 2 l 6 25 
6 4 2 3 9 5 4 5 14 3 3 3 9 32 
7 5 2 5 12 5 4 4 13 4 4 3 1] 36 
& 5 4 5 14 5 5 5 15 4 5 4 13 42 
9 5 5 4 14 5 5 3 13 5 4 2 1] 38 
10 5 5 5 15 5 4 4 13 4 3 4 1] 39 
11 4 4 3 11 4 3 3 10 4 2 3 ) 30 
12 5 4 14 5 4 4 13 3 3 4 10 37 
13 5 5 10 5 4 5 14 4 3 3 10 34 
14 4 4 8 5 4 5 14 3 3 3 9 31 
15 4 5 i) 5 4 5 14 3 3 3 ) 32 
16 5 5 5 15 5 4 4 13 4 4 2 10 38 
17 4 5 5 14 5 4 4 13 4 3 2 9 36 
18 4 5 5 14 4 4 4 12 4 4 2 10 36 
19 3 5 5 13 5 4 5 14 5 4 2 ll 38 
20 5 3 5 13 5 4 4 13 4 3 2 vy) 35 
21 5 3 5 13 5 4 4 13 3 2 2 7 33 
22 3 4 3 10 5 4 3 12 4 5 2 11 33 
23 4 2 5 11 5 4 3 12 3 4 5 12 35 
24 3 l 3 7 3 3 2 8 2 4 3 9 24 
25 3 4 4 11 3 3 3 9 3 4 3 10 30 
26 4 3 5 12 5 4 5 14 5 4 3 12 38 
27 4 2 5 11 5 3 4 12 5 2 3 10 3. 
28 5 3 5 13 5 3 5 3 4 2 4 10 36 
29 4 3 5 12 5 3 3 11 3 2 4 Y 32 
30 3 2 3 8 3 3 3 9 3 l 2 6 23 
31 5 3 5 13 4 3 3 10 5 3 3 11 34 
32 4 3 5 12 + 3 3 10 4 3 4 ll 33 
33 4 2 6 4 3 7 5 3 2 10 23 
34 5 4 5 14 5 4 5 14 5 3 5 13 4] 
35 4 5 4 13 4 3 3 10 4 3 ] 8 31 
36 5 3 4 12 5 3 x 2 5 2 7) 29 
37 5 4 5 14 4 4 5 13 5 4 5 14 41 
38 5 5 5 15 5 4 5 14 5 5 5 15 44 
39 4 3 4 11 4 3 3 10 4 4 3 11 32 
40 4 3 4 11 4 3 3 10 2 5 2 9 30 
41 5 5 4 14 5 3 5 13 3 5 5 13 40 
42 3 4 3 10 4 3 3 10 4 5 2 ll 31 
43 5 5 4 14 5 4 5 14 5 5 3 13 41 
44 5 5 5 15 4 4 4 12 3 5 5 13 40 
45 4 5 4 13 4 4 5 13 3 5 2 10 36 
46 4 4 3 11 4 4 5 13 4 4 4 12 36 
47 5 3 4 12 4 4 4 12 4 5 4 13 37 
48 4 3 3 10 4 3 4 1] 4 4 3 ll 32 
49 5 5 5 15 5 4 5 14 5 5 5 15 44 
50 4 3 4 11 5 3 3 11 3 4 2 Y 31 
51 3 3 4 10 5 3 3 11 4 3 2 Y 30 
52 5 4 3 12 5 3 3 1] 3 4 3 10 33 
Totals 218 196 201 236 =6182 206 197 191 157 1784 


The rating scale ranged from 1 to 5, with 1 being of lease value and 5 being of greatest value 
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RATING OF THE PRINCIPLES AS TO WORTH 
IN THE COLLEGE PHYSICS COURSE 


It is obvious that the principles as listed 
above are not equally important in the 
College Physics Course. As mentioned 
earlier, a jury was obtained to assist the 
investigator. The list of principles was 
submitted to the jury for rating as to im- 
portance in the preparation of a prospective 
high school teacher of science. Jurors were 
asked to rate the principles in accordance 
with the following scale: 

1. Of no value to a prospective teacher of high 
school science (including physics) because: 
(1) it has neither practical nor theoretical 
significance, or (2) it is beyond the com- 
prehension of a_ student taking College 
Physics, or (3) it is inconceivable that either 
knowledge of, or understanding of, the said 
principle will help the prospective science 
teacher in fulfilling his expected duties or op- 
portunities, or in furthering his own quest 
for knowledge 

2. Of some value 

3. Of average value 

4. Of much value 

5. Essential 

The results of jury ratings are shown 
in Table Il. They are arranged so that 
a comparison can be made of the ratings 
assigned by teachers of high school physics, 
teachers of College Physics, and teachers 
of science education. 

Examination of the table shows consid- 
erable variableness in ratings received by 
individual principles and in total points 
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awarded by the jurors. The range of 
points assigned to a principle was greatest 
for Number 35, which received both the 
and the lowest 


highest possible to be 


awarded. Thus there was a range of five 
rating points assigned to Principle Number 
35. Twenty-four principles had a range in 
rating points of four; 19 had a range of 
three ; and eight had a range of two. Jurors 
were not in full agreement on the rank of 
importance of any one principle. There was 
also considerable variation in the total rat- 
ing points assigned by the individual jurors 
to these principles; the greatest number 
assigned by any juror was 50 percent 
higher than the lowest total rating. Great- 
est uniformity was found among the high 
The 


gator considers that the variances shown 


school teachers of science. investi- 
in this table are due, in part, to scant 
attention given to the study of alternating 


current in introductory physics courses. 


SUMMARY 


By the study of eight textbooks currently 
used in College Physics courses, a list of 
50 principles in the area of alternating cur- 
rent electricity were identified and two ad- 
ditional principles were added by the 
All of these 


principles were considered by a jury of nine 


author, making a total of 52. 


educators in physical science to be impor- 
tant in 
teachers of high school science. 


the preparation of prospective 
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THE NEED FOR NEW LABORATORY EXPERIENCES IN 
ALTERNATING CURRENT ELECTRICITY * 


R. M. Hetms 


East Carolina College, Greenville, North Carolina 


. pw study of electricity, its principles, 
phenomena, and applications, constitute 
one of the major fields in the study of 
physics at any level. Adequate study of 
electricity is of vital importance to the pros- 
pective teacher of high school science. In 
the Forty-Sixth Yearbook we find: 

Can a teacher with inadequate preparation in a 
branch of science successfully teach it? No... . 
The primary requisite for teaching any course is 
a sound subject matter background for that 
course.! 


li the objectives of science teaching in- 
clude “functional information” and “func- 
tional understandings” * of processes used 
in daily life, then it is highly desirable that 
much attention in the study of electricity 
be devoted to alternating current. This is 
evidenced by our common experience that 
use of electric power is common-place and 
that such power used in daily life, both in 
our homes and in our work-places, is 
usually alternating current. Tannenbaum * 
that years 1930 
and 1949 the domestic use of electricity 
increased four-fold. 


has shown between the 
As to the prevalence 
of the use of alternating current as against 
direct current, the Directory of Electric 
Utilities * shows the use of the latter to 
Thus 


> 


North Carolina has 13 “independent,” 68 


be restricted to certain large cities. 


*This paper based on the author’s doctoral 
dissertation for the degree of Doctor of Educa- 
tion, New York University, 1958. 

1 National Society for the Study of Education: 
Forty-Sixth Yearbook, Part 1. Science Education 
in American Schools, p. 58. 

2 Ibid., p. 25. 

3H. E. Tannenbaum, Power and Energy in Our 
World. Unpublished doctor’s thesis, Teachers 
College, Columbia University, New York, 1950. 

4 Directory of Electric Utilities, 1952. New 
York: McGraw-Hill, 1952, pp. 853. 


municipal, and 39 REA power systems, 
not one of which distribute any direct 
current, all of which distribute AC. Fur- 


thermore every community of 500 or more 
people was claimed to be listed and not one 


used direct current.5 For at least two 
decades there has been a strong trend 
toward replacing direct current service 


with alternating currnet. Thus a reference 
in 1936 to electric power in Los Angeles: 
“Direct 


city a limited amount of direct current 


Current. There remains in the 


service... . This system is not being ex- 
panded, service being limited to existing 
customers.” ® From early morning when 
an electric alarm clock awakens our Man of 
Today from slumber, which was enhanced 
by an electric blanket, until when just be- 
fore retiring on the following night he ad- 
justs the electric thermostat and switches 
off the electric lamp, our Man of Today 
is constantly using electric devices—and 
the electric devices use alternating current. 

There are certain fundamental differ- 
ences in application of physical laws to 
alternating current as contrasted to direct 
current. Half a century ago Steinmetz, 
the wizard of General Electric Company, 
emphasized the differences. He identified 
the four fundamental principles of direct 
current circuits as Ohm’s Law, Joule’s 
Law, the power equation, and Kirchhoff's 
then wrote: 


Laws. He “In alternating 


current circuits these laws cease to 


hold.” 7 There follows a consideration of 

5 Ibid., pp. 491-508. 

6 Federal Power Commission, National Power 
Survey, Power Series No. 3. Washington: Gov- 
ernment Printing Office, 1936, pp. 148, cit., p. 56. 

7 Charles Proteus Steinmetz, Alternating Cur- 
rent Phenomena, 1900, p. 1. 
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each of these laws with statements such 
as: “Kirchhoff’s Laws become meaningless 
in their original form.” § 

Half a century after Steinmetz’s pioneer- 
ing work, the instruction given our stu- 
dents is still woefully weak in alternating 
current. We are forcibly reminded of this 
when we read in a doctoral dissertation on 
laboratory experiences in physical science 
in the college, the following: 

Exp. 5. Resistance of appliances: Wattage. A 
socket is connected to 110-volt AC line with volt- 
meter and ammeter in the circuit and a fuse to 
protect the ammeter. Bulbs and appliances are 
then plugged into the socket. . Using Ohm’s 
Law one can determine the resistance of the bulb 
or appliance and also the wattage. Such wattage 
can be checked against the rating of the bulb or 
appliance.9 


But Steinmetz has said, ““Ohm’s Law does 
not apply in alternating current circuits 
10 Neither is the 


power equation for “wattage” applicable.” 


as in direct current.” 
True, as long as only incandescent lamps 
and other heating appliances, as toasters 
and percolators, are tested the results will 
But if 


motor appliances, vibro tools, relays, and 


be accurate. fluorescent lamps, 


a host of devices are tested in the above 
experiment neither the resistance nor the 
“wattage” will be correct. 

the treatment of 


Apparently textual 


alternating current needs reinforcement. 
This reinforcement can be provided in the 
laboratory by problem solving situations 
and by use of experiences to illustrate ap- 
plications of the principles unique to al- 
ternating current.” 

The present offerings of learning ex- 


8 Ibid., p. 6. 
9 William C. 


Forbes, The Laboratory Expe- 
rience in 


Science for General Education. Un- 
published Doctor of Education thesis, Teachers 
College, Columbia University, New York, 1949, 
p. 158. 

10 Steinmetz, op. cit., p. 3. 
11 Jbid., p. 4. 
12 Forty-Sixth Yearbook. Op. cit., pp. 237-238. 
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periences on the college level in alternating 
current appear to be meager. Examination 
of six laboratory manuals '* disclosed an 
average of two-thirds of an experiment 
each in the field of alternating current. 
In the standard source book for demon- 
strations, by Sutton,’* there are a total 
of 309 experiments in electricity and mag 
netism of which 26 are in alternating cur 
rent. Of this small number, 12 are about 


transformers with little more than refer 
ence to the alternating current, leaving a 
maximum of 14 to reveal the commonly 
used form of electric power. Richardson 
and Cahoon ’® have amassed a great col 
lection of science experiences extending 
the list of 1354 in physics. Of these 339 
are in electricity and magnetism, of which 
Nine of 
these 16 merely show that there is a re- 


16 are in alternating current. 


versal in direction of flow in alternating 


current—nothing more. Six more deal 


with the transformer. Only one attempts 


to get to the nature of alternating current 


it deals with resonance. In _ the 


UNESCO report on teaching of science 
in universities (based largely on British 
practice) a three year program in physics 


for non-physics majors is described.1® For 


13 Cicero H. Bernard, Laboratory Experiments 
in College Physics. Boston: Ginn and Company, 
1957. Bernard Cioffari, Experiments in College 
Physics. Boston: Heath and Company, 1951. 
L. R. Ingersoll and M. J. Martin, Experiments in 
Physics. New York: McGraw-Hill, 1942. W. A. 
Schneider and L. B. Ham, Experimental Physics 
for Colleges. New York: Macmillan, 1949. C. N. 
Wall and R. B. Levine, Physics Laboratory 
Manual. New York: Prentice-Hall, 1951. M. W. 
White, Experimental College Physics. New York: 
McGraw-Hill, 1940. 

14Richard M. Sutton, Demonstrations in 
Physics. New York: McGraw-Hill, 1938. 

15 John S. Richardson and G. P. Cahoon, Meth- 
ods and Materials for Teaching 
Physical Science. New York: 
1951. 

16 UNESCO: Inventories of Apparatus and 
Materials for Teaching Science, Vol. II, 
UNESCO, Paris, 1950, p. 146, pp. 76-78. 


General and 
McGraw-Hill, 
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three years of laboratory, only one experi- 
ment in alternating current is listed: 
“Phase relations of A. C. current.” 

There is, then, a definite need for addi- 
tional laboratory experiences in alternat- 
ing current, a need which this study will 
show to apply to the practice in American 
colleges. 


RELATED STUDIES 


The field of laboratory instruction—ex- 
periments, experiences, demonstrations, 
projects—is so great, so intriguing, and so 
profitable that much study has been given 
it. This is especially true in the field of 
physical science. Miles’? has made a 
study in which he associated “experi- 
ments” with 214 principles which he found 
worthy of inclusion in a high school inte- 
grated physical science course. No effort 
was made to devise new “experiments” 
but rather to make legitimate associations 
of those already in the literature. Of the 
2500 assignments of experiments to prin- 
ciples which were made only three of the 
assignments were in the field of alternat- 
ing current. As the second of his two 
recommendations in his final chapter he 
writes : 

The relatively small number of principles for 
the development of which the list of experiments 
revealed by this study are limited, provides a 
major challenge to future workers to increase and 
refine these lists. (i.e., to devise new experiments ) 

A similar study of principles and “ex- 
periments” for general science at the junior 
high school level was made by Smith.* 
His abstract gives no indication of inclu- 
sion of experiments in alternating current. 


17 Vaden W. Miles, Principles and Exper- 
iments for Courses of Integrated Physical Sci- 
ence. Doctor’s thesis, University of Michigan, 
1947. 

18 Herbert Frederick A. Smith, A Determina- 
tion of Principles and Experiences for a Course 
of General Science at Junior High School Level. 
Abstract, unpublished Doctor’s thesis, at Uni- 
versity of Michigan, 1950. 
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There seems to be no corresponding study 
on the college level. 

There is, however, a study by Forbes ™ 
of laboratory experiences at the college 
level. Much of his study concerned a gen- 
eral education science course for graduate 
students with a major in science teaching. 
In this course, the students, meeting in a 
session, indicate what experiences they 
think are suitable for the next session a 
week later. By the appointed time, the 
instructor has prepared mimeographed, 
brief directions and has assembled equip- 
ment for 10 to 20 experiments. No ex- 
periences requiring alternating current are 
presented although several involved such 
current. 

There is a close relationship between al- 
ternating current and electronics, and in 
this latter field there are two excellent 
studies. One of these is a resource unit 
in electronics by Spielman,” a massive 
array of factual items and also an extensive 
collection of laboratory experiences. How 
ever, there are no new contributions to 
alternating current, nor does the study in- 
tend to produce new devices—it is wholly 
a collection of resource items from all 
available sources. Stollberg *1 has de 
vised an ingenious technique for use in the 
laboratory study of electronics. [ssen- 
tially it consists of a method by which com- 
ponent parts can be conveniently and 
readily assembled into circuits for study 
by either individuals or by entire classes, 
and then are disassembled and made ready 
for another class. This technique is an 
original contribution to laboratory tech- 


nique. 


19 William cs Forbes, op. cit. 

20 Harold S. Spielman, Electronics for Teachers 

A Resource Unit. Unpublished Doctor’s thesis, 
Teachers College, Columbia University, New 
York, 1950. 

21 Robert Stollberg, Suggestions for Teaching 
Electronics. Unpublished Doctor's thesis, Teach- 
ers College, Columbia University, New York, 
1950. 
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A study Adams ** of 


demonstrations of science principles which 


was made by 
were used in industrial arts shops. Adams 


selected 36 science generalizations for 
which he devised demonstrations or found 
Of the selected 


five were in electricity, 


them from the literature. 
generalizations, 
none of which were in alternating current. 
A major contribution of his study was the 
choice of criteria for writing directions for 
the demonstrations, and the application of 
those criteria in the actual writing of the 
directions. 

Despite the above studies and the numer- 
ous studies of other aspects of the use of 
the laboratory in the teaching of the 
sciences, the investigator has been unable 
to find any study concerned with any phase 
of the current 


teaching of alternating 


electricity. 


QUESTIONNAIRE FOR 


LABORATORY 


DETERMINING PRES- 


ENT PRACTICES 


In order that specific information might 
be had as to the present use of laboratory 
experiences in alternating current in Col- 
lege Physics, a questionnaire was pre- 
pared for submission to teachers of the 
subject. The original form was sent to 
three colleges which are engaged in the 
training of teachers of high school physics. 
As a result of the responses the question- 
naire form was revised and prepared for 
wider circulation. 

From the Education Directory, Part 3, 
Higher Education, published by the U. S. 


Department of Health, Education, and 
Welfare, colleges were selected which 
have teacher training programs. Many 


of those selected were specifically teachers 
colleges, and only those which seemed 
likely to have adequate facilities for teach- 
ing of physics were considered. In all 


there were 63 institutions, in 39 states and 


22 John V. Adams, Science Demonstrations for 


the Industrial Arts Shops. Unpublished Doctor's 
thesis, New York University, 1947. 
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the District of Columbia, on the circula- 
tion list. The questionnaire was sent to 
the presidents of the several colleges with 
the request that it be passed to the teacher 
in charge of College Physics for response. 
Altogether there were 47 replies, of which 
four stated that there were no physics 
Six other 
suitable for There 


courses. were not 


37 usable 


responses 
use. were 
responses. 

Examination of the responses indicated 
that some of the experiences which were 
reported as included in alternating current 
did not depend on the characteristics of 
AC as distinguished from DC and there- 
fore should not be considered as experi- 
ences in alternating current for the pur- 
pose of this study. There were other re- 
ported experiences in the area of high 
frequency and hence outside the area of 
this study. 

The nine experiences, which do not il- 
lustrate AC principles, and the number 
of colleges reporting them are as follows: 


Number 





1. Determination of resistance by volt- 
meter-ammeter method, as with lamp 


banks 3 
2. Induction of voltage (as distinguished 

from the transformer) 7 
3. The B-H curve of magnetization 1 
4. Demagnetization of a magnet by pass- 

ing it through a coil carrying AC 1 
5. Reaction between adjacent parallel 

wires carrying an electron flow 1 
6. Starting torque of motors 1 
7.High frequency, high voltage, by 

Telsa Coils 5 
8. Radio principles 1 
9. Television reception l 


The six reported experiences which are 
pertinent to this study and which were 
intended to be performed by students as 
quantitative experiements were as follows: 

Number 

1. Study of a capacitor, an inductor, and 

a resistor in series, including calcula- 
tion of magnitude of each, and power 
dissipated by each, usually with means 
of random variation of inductance and 
so of establishment of resonance 


“I 
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ich 
ics 
not 
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tN 


. Study of the ideal generator wherein 
an armature is turned one revolution 
in steps of 10 degrees ; by means of the 
data a curve of the induced voltage is 
plotted and found to be sinusoidal 1 
. Study of a transformer wherein ratios 
of primary and secondary voltages, 
and secondary and primary electron 
flows, are compared to the primary 
and secondary turns ratio 3 


w 


4. Determination of the DC equivalent 
of an AC electron flow (probably by 
calorimetric means) 1 
5. Generation of three-phase currents in 
Delta and in Wye circuits 1 


6. Thermionic rectification, by electron 
tube, details of the experiment are 
lacking 1 


The following ten demonstrations in AC 
were reported by the colleges as being 
used in College Physics : 


Number 





_ 


. Observation that voltage induced in 
the armature of a simple generator 
reverses twice in a revolution; that 
resulting electron flow is made avail- 
able as AC by use of slip rings, or 
as DC by use of split commutator 
(no attention to wave form) 11 
. Observation that an AC flow in a 
transformer primary induces an 
electron flow in a secondary; per- 
formed in a semiquantitative man- 
ner 11 
. Observation that an aluminum ring 
can be held suspended, or projected 
upward, by an electron flow induced 
in it by an alternating field in a 
long vertical core i) 
. Observation of series resonance of 
an inductor and a capacitor to ap- 
plied AC current by method of max 
imum current 8 
. Comparison of conductance of AC 
and of DC by inductors, and by 
capacitors 9 
. Observation that the arithmetical 
sum of voltages across a capacitor, 
an inductor, and a resistor, con 
nected in series, is greater than the 
applied voltage 4 
7. Determination of power factor of an 
inductor and of a capacitor by means 
of voltmeter, ammeter, and watt- 
meter - 
8. Observation of waveform, and phase 
relations of AC in capacitors, induc 
tors, and resistors, by means of 


to 


w 


+ 


wn 


= 


~ 


oscilloscope and electronic, or vi 
brating reed, switch 4 
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9. Comparison of heating effects of AC 
and DC l 
10. Observation of power dissipation by 
eddy currents and hysteresis in the 
core of an electro-magnet when 
excited by AC l 
Of the 37 reporting colleges, 17 asserted 
that they had no quantitative experiments 
in alternating current, and of this number 
10 offered no experiences at all in AC 
electricity. In 20 of the 37 reports, the 
area of AC was considered to be more 
difficult than the other like areas of Col- 
lege Physics, with one report listing nu- 
clear physics as more difficult. In the re- 
ported courses of College Physics the time 
allotted to the study of electricity varied 
from 12 weeks to a low of six weeks, the 
number of cases being three each. The 
average time allotted for the study of elec 
tricity was 8.8 weeks. Of the time allotted 
to electricity, the time spent in the study 
of alternating currents (including high 
frequency, as radio) ranged from a high 
of four weeks to a low of no time at all, 
with one case of each. The average time 
spent in AC being 1.6 weeks, or 18 per 
cent of the time allotted to electricity 


PRINCIPLES IN ALTERNATING CURRENT 
AND SUPPORTING EXPERIENCES 


A list of 52 principles in AC electricity 
has been collected by the investigator. The 
list is published in this issue of Science 
Education, pages 300 to 301 

The currently used experiences in AC 
electricity, as listed above, are related to 
the principles as shown in Table I. For 
purposes of identification the principles are 
numbered as in the above reference. The 
experiences are numbered as in the im 
mediately preceding lists. Inspection of 
Table I reveals the scarcity of experiences 
in AC in these colleges. It does not, how 
ever, give any indication of the adequacy 
of those experiences which individual col 


leges have reported as being used. Per 
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haps their very lack of adequacy accounts 
in part for the very small number of in- 
stitutions which report their use. Thus, 
while there were 37 colleges submitting 
usable reports, there were only five prin- 
ciples for which ten or more colleges pro- 
vided experiences, and only one principle 
for which as many as twenty provided ex- 
periences. For 32 of the 52 principles there 
were no reported experiences. 


PRINCIPLES FOR WHICH PROSPECTIVE 
TEACHERS OF HIGH SCHOOL SCIENCE 
NEED ADDITIONAL EXPERIENCES 


The list of principles and related experi 
ences as referred to in the previous sec- 
tion, were submitted to a jury for judg- 
ment as to need for additional experiences 
for prospective science teachers. 
of three 


The jury 
consisted successful teachers of 
high school physics, three college physicists 
of national note, and three prominent pro- 
fessors of science education with special- 
ties in physics. The jurors were asked to 
indicate by the following numbers the, need 
of each principle for additional experi- 


ences : 


1.No experiences are needed, or the 
experiences are ample. 

Some need for new or modified experiences 
. Average need for new or modified 
riences. 

Much need for new or modified experiences. 
.New or modified experiences are essential 
to develop understanding of the principle or 
interest in it. 


current 


wn 


expe- 


nt 


The results of the jurors’ judgments re- 
garding need for additional experiences are 
reported in Table II. Since there were 
nine jurors, a rating of 9 would indicate 
that the jurors were in agreement that the 
current experiences were ample, or else 
that no experiences are needed for develop- 
ing an understanding of the principle. Nine 
jurors rated 52 principles, thus giving a 
total of 468 ratings. It may be noted that 
on 74 individual ratings out of the 468, 
no new experiences were considered to be 
needed. A rating of 45 for a principle 
would mean that the jurors: were unani- 
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mous in the opinion that there was the 
greatest urgency for need of added ex- 
periences. There were 39 individual rat- 
ings, out of a possible 468, in which the 
highest rating was assigned to a prin- 
ciple. The scorings were quite er- 
ratic. Out of the 52 principles, 21 received 
both the highest and the lowest possible 
ratings. Five of the 52 principles received 
dual high and low ratings. The investi- 
gator interprets this great divergence in 
ratings to be indicative of an undeveloped 
area, and to show that there is need for 
more study of its needs. 

Any total rating of 27 or more on a 
principle is taken as need for development 
of new experiences. This is intermediate 
between the minimum possible, nine, and 
the maximum possible, 45. Table II slows 
that there are 19 such principles. These 
principles are therefore the ones which 
this study indicates should receive attention 
in the development of new laboratory work. 

The 19 principles which the jurors in- 
dicated as justifying further attention are 
given below. They are numbered in the 
same manner as in the original listing. 


3. The waveform of a sine wave AC electron 
flow is reproduced in like form by the 
process of induction; other waveforms are 
not reproduced in like form. 

. The instantaneous value of an AC electron 
flow is equal to the product of the maximum 
value and the sine of the phase angle. 

28.In a series AC circuit containing resistance, 
inductance, and capacitance the rate of elec- 
tron flow is maximum at resonance. 

29. Potential differences of both inductor and 
capacitor may reach high values near series 
resonance. 

30. At series resonance, the ratio of the potential 
difference of a reactance to the circuit poten- 
tial difference equals the ratio of the re- 
actance to the resistance of the circuit. 

32. Within a parallel AC circuit containing 
resistance, inductance, and capacitance, elec- 
tron flow varies in each branch independently 
according to voltage and impedance ; beyond 
the paralleled devices, electron flow is 
minimum at resonance. 

. At parallel resonance, the external electron 
flow is directly proportional to the product 
of effective potential difference, effective 
resistance, and capacitance, but is inversely 
proportional to inductance. 

5. The maximum voltage which can be induced 
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in a transformer coil, either primary or 
secondary, is proportional to the number of 
turns of the coil, the frequency of the AC 
current, the cross section of the core, and the 
density of the magnetic flux for saturation 
of the core. 

. Where magnetic flux is conserved, the 
electromotive force of the secondary of a 
transformer is proportional to the product 
of the induced electromotive-force of the 
primary and the turns-ratio of the secondary 
to the primary. 


**) 
“I 


39. Resistance of a loaded transformer secondary 
circuit is reflected into the primary circuit 
in proportion to the square of the turns- 
ratio of the primary to the secondary. 

40. Efficiency of a transformer is equal to the 
secondary load power over the sum of the 
secondary load power, the copper heating 
power, the eddy current power, and the 
magnetic hysteresis power. 

42. Power loss due to hysteresis is proportional 
to the product of frequency, volume of iron, 
and area of hysteresis curve. 

43. Transmission of electric power is ac- 
complished most efficiently at high voltage 
and high power factor. 

44.A single-phase AC magnet produces a 


vibrating magnetic field. 

45. Three-phase AC magnets produce a rotat- 
ing magnetic field, capable of rotating an 
armature. 

46. Single-phase alternating current can be split 
into two phases which can produce a rotat- 
ing magnetic field capable of rotating an 
armature. 

47. Shading portions of the poles of a single 

AC magnet causes a rotating magnetic field 

capable of rotating an armature. 

. The low power factor of inductive loads can 

be corrected by the use of a paralleled con- 

denser. 


5 
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52. Switching operations are more easily ac- 
complished with AC than with DC. 


SUMMARY 


The electric power which is so common- 
place in our daily life is alternating cur- 
rent electricity. The principles of alternat- 
ing current electricity show marked 
devation from those of direct current elec- 
tricity; so mtich so, that the most funda- 
mental laws of direct current do not apply 
directly to alternating current. There 
appears to be a dearth of laboratory ex- 
periences available for instruction in al 
ternating current electricity. 

A questionnaire survey was made of 
typical colleges which have programs for 
the training of prospective teachers of high 
school science, with 37 usable responses. 
The purpose of the survey was to obtain 
an indication of what laboratory experi- 
ences in alternating current electricity are 
currently provided for such students. The 
reported experiences were associated with 
principles to which they were pertinent 
from a list of 52 principles in AC, and the 
result was submitted to a jury. The jurors 
indicated that students needed additional 
experiences in the study of 19 of the 52 


principles in alternating current electricity. 


CONCEPTS IN THE AREA OF ALTERNATING 
CURRENT ELECTRICITY * 


R. M. Hetms 


East Carolina College, Greenville, North Carolina 


Tt has been sown in previous articles 
l in this series that the electrical power 
which is so common in modern life is 
alternating current, usually “60 cycle.” 
This paper, like the others, will be con- 
cerned with alternating current as used 
for power:. it will deal with low fre- 


*This paper based on the author’s doctoral 
dissertation for the degree of Doctor of Educa- 
tion, New York University, 1958. 


quencies rather than the high frequencies 
such as are used in radio. It has been 
shown also that the simple laws for 
direct current electricity do not apply so 
simply to alternating current. Finally, it 
has been shown that the source material 
for laboratory instruction in the area of 
alternating current is quite limited, indi- 
cating a probable lack of due attention to 
that area of physics. 
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In the laboratory study of science it is 
both appropriate and necessary to strive 
for high precision. This requires not only 
careful use of the required apparatus but 
also a good understanding of their nature. 
The same is also true of the terms that are 
used : precision in the use of words requires 
not only care, but also clear understanding 
of their meanings. The dictionary is not 
sufficient as a source of meaning of scien- 
tific usage of words; indeed even good 
dictionaries are often useless for that pur- 
pose. Textbooks in science often develop 
concepts without ever giving a concise 
definition. It is therefore desirable to dis- 
cuss a few terms that are used in the study 
of alternating current electricity. For 
each term a concise definition is given, fol- 
lowing which the concept is developed 
more fully. 

Current (electric): the flow of electric 
charge from one place to another. Elec- 
tric charge is primarily a property of elec- 
trons and protons. Where there is an ex- 
cess of electrons the charge is said to be 
negative; when there is an excess of pro- 
tons, the charge is said to be positive. It 
is often desirable to think of a positive 
charge as a deficiency of electrons. There 
are three general types of flow of charge, 
or current. (1) In metallic conductors, the 
flow of electric charge is by a concerted, 
yet rambling, motion of electrons among 
the atoms of the metal. This is also the 
mode of conduction in high-vacuum tubes, 
with much less rambling. It is very ap- 
propriate to refer to the current as an 
(2) Within 
gases and non-metallic liquids, the flow 


electron flow. low-vacuum 


of charge is by movement of charged 
particles, some of which are positive and 
some negative; these particles are called 
ions. Within the fluid the positive and 
negative ions will flow in opposite direc- 
tions at speeds determined by their masses 
and charges. Though the ions flow in 
opposite directions, the flow of charge is 
unidirectional since the oppositely moving 


particles are oppositely charged. (3) In 
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semi-conductors, as transistors and barrier 
type rectifiers and photo cells, the flow 
of charge is sometimes referred to as move 
ment of “holes”, or vacancies, of electrons. 
In this case an electron moves into a part 
of a crystal lattice where there ought to 
but there is not. (This 
situation is originally due to an impurity 
in the chemical composition of the crystal. ) 


be an electron 


The motion of the electron simply moves 
the hole, it does not result in stability; so 
another electron into the new lo- 
the Under influence of 
suitable energy potential the hole will move 


moves 
cation of hole. 
in concert with other holes and a flow of 


electric charge results: a current. Thus 
it is only partly true to say that a current 
is an electron flow; but such usage is fully 
true so long as only metallic conduction is 
concerned. There is also a fourth type 
of current, a virtual form, which is inde- 
pendent of all forms of matter, including 
This current 


(not merely moving) 


electrons. arises from an 


accelerating mag- 
netic field; it is one of the two phases of 
electro-magnetic radiation. 

Direct Current, or DC: the continuing 
flow of electric charge in a given direction. 
In pure DC the flow is unvarying over the 
time considered. Obviously such time can 
not include either the starting or the stop- 
ping of the current. There are two im- 
(1) 
pulsating DC, in which the current drops 
to zero momentarily at regular intervals, 


portant variations from pure DC: 


the pulses commonly approaching half- 
cycle sine waves; (2) fluctuating DC, in 
which the flow varies between repeated 
maxima and minima. 

Alternating Current, or AC: the re- 
ciprocating flow of electric charge, with no 
the 
There are infinite apparent wave- 


net transfer when time involved is 


large. 


forms of AC, but by far the most important 


is the sine wave form. All commercial 
alternating current electric power ap- 
proaches the sine wave form as closely as 
engineers can cause it to be. An AC cur- 


rent may be imposed on a pure DC current 
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resulting in a pulsating or fluctuating cur- 
rent. Indeed these two forms are nearly 
always the result of composition of AC 
and DC. 

Frequency: the number of surges which 
the alternating current makes in a given 
direction in one second. Since back and 
forth motion of charge is the essence of 
alternating current, there are twice as many 
surges per second as the frequency num- 
ber. The back and forth motion of charge 
(in commercial electric power) is an ex- 
ample of simple harmonic motion, similar 
to that of a simple pendulum. Frequency 
is stated in cycles per second, or simply 
as “cycles.” The simplest alternators gen- 
erate one cycle per revolution, hence their 
“speed” is the same as the “cycles” of the 
generated current. Because of the rela- 
tionship of cycle to revolution, one cycle 
is referred to as 360 degrees, or as two 
pi radians. In mathematical formulas for 
alternating current, frequency is accom- 
panied by two pi as a co-factor. 

Effective AC Current: a manner of 
designation of the magnitude of an AC 
current whereby it is assigned the magni- 
tude of the DC current which will yield 
the same heating effect. There are four 
manners of designation of the magnitude 
of an AC current: (1) instantaneous, (2) 
maximum, (3) average, and (4) effective. 
For each of these there are circumstances 
which demand its use. The instantaneous 
value is often needed but does not pro- 
vide information about the AC current 
unless the wave form of the current and 
the time of the instantaneous measurement 
are known. The maximum magnitude is 
a special case of instantaneous values. For 
a sine wave AC current, but for no other 
wave form, the effective value is 0.707 
times the maximum value. The effective 
value of a sine wave AC current is called 
the RMS (root mean square) value since 
it is obtained by extracting the square root 
of the mean of the sum of the squared in- 
stantaneous values. Where an AC cur- 
rent is used as a source of power, the 
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effective, or RMS value must be used. But 
if the concern is the transfer of charge, as 
in the rectifier of a radio power supply, 
then the average value, rather than the 
effective value, should be used. For sine 
wave current, but for no other wave form, 
the average value is 0.636 times the maxi- 
mum value. This is 0.900 times the RMS 
value. 

Effective AC Voltage: a manner of 
designation of the magnitude of an AC 
voltage whereby it is assigned the magni- 
tude of the DC voltage which will cause 
a current through a metallic resistor equal 
to the effective current caused by the AC 
voltage. A discussion of such voltage 
would correspond to the above discussion 
of effective current. 

Effective AC Resistance: the magnitude 
of simple (conductive, or copper) resistance 
which would yield the same heating effect, 
with the same current and frequency, as 
does the device whose effective resistance 
is being considered. Flow of current 
despite resistance always results in the 
transformation of electric energy into heat 
energy. This transformation is often ob- 
jectionable, but is always inevitable to some 
degree. In DC, resistance may be con 
sidered as frictional opposition to flow of 
charge, as made dramatic in the impact 
of electrons on the anode of an x-ray tube. 
Since copper is the most common metal in 
use as electrical conductors, it is common 
to refer to this frictional resistance as 
copper resistance. The use of the term 
can be extended and is appropriate to other 
metals, as iron, tungsten, and nichrome, 
since the cause, and the effect, of the re- 
sistance is of the same nature as for copper 

In AC cases there are three additional 
possible causes of transformation of elec- 
tric energy into heat. (1) Eddy currents 
may be induced into nearby metal by the 
changing magnetic field which is set up by 
the AC current. The energy of these eddy 
currents is totally transformed into heat 
by the copper resistance of the metal; this 
means that there is an overall transforma- 
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tion of energy of the AC current into heat, 
and therefore is a form of resistance. (2) 


Magnetic hysteresis transforms electric 
energy to heat in case there is any iron 
magnetized by the AC current. (See Hys- 
teresis, below.) (3) Dielectric hysteresis 
results where AC current causes concen- 
trated solids or 


electrostatic fields in 


liquids. The sum of power transformed 
to heat from an AC current which is due 
to copper resistance, eddy currents, mag- 
netic hysteresis, and dielectric hysteresis is 
the factor which determines the effective 
resistance of the circuit to that AC current. 
The effective resistance might very well be 
diferent in case the magnitude or fre- 
quency of the AC current were changed; 
this changeableness is the most important 
difference between 


simple (copper) re- 


sistance and effective resistance. 
Hysteresis: the process of transforma- 
tion of some energy form into heat during 
some cyclic action. There are three simple 
(1) Mechanical: the 
deformation of a body beyond its limit of 


elasticity and the return of the body to its 


types of hysteresis: 


former condition or position requires work, 
which work is not more than partly re- 
The 
difference between all the input work and 
the recovered work is the energy which 


covered in completion of the cycle. 


is transformed into heat—the process of 
transformation being mechanical hysteresis. 
If work is expended in deforming an 
(or in lifting a weight) in 
is no friction, the energy is 


elastic body 
which there 
stored and is recovered in completion of 
the cyclic operation: no energy has been 
transformed to heat and there is no hys- 
teresis. (2) Magetnic: iron responds to 
magnetizing fields somewhat like an in- 
elastic body does to a force; energy is 
required to cause the magnetization, some 
of which is retained after the magnetizing 
force is removed. Additional energy re- 
quired for these changes is expended in 
frictional reorientation of magnetic domains 
of the iron, resulting in heat. The process 
of transformation of the energy into heat is 
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(3) Dielectric: if a 
non-conducting solid or liquid, called a di 


magnetic hysteresis. 


electric, is placed between two metal plates 
which are then charged to a high voltage, 
the molecules of the 
torted rotated 


substance are dis 
the electrical 


nature of composition of the substance, 


and due to 
energy being required for these changes. 
There is a tendency to retain the distortion 
and new orientation. More energy is re 
quired in order to return the dielectric to 
its original condition. The energy required 
in this cyclic change is transformed into 
heat, and the process of transformation is 
dielectric hysteresis. Dielectric hysteresis 
is most common in capacitors. 
Reactance: that which opposes, or limits, 
flow of charge without transformation of 
energy. Copper resistance opposes current 
but transforms electric energy into heat. 
An electrolysis-of-water cell opposes flow 
but transforms electric energy into chemi- 
cal energy (in addition, it also has re- 
Therefore neither involves re- 
Although the thermionic tube 
provides a means for some use of reactance 


sistance. ) 
actance. 


in DC circuits, the use of reactance is cur- 
rently restricted to AC circuits. There 
are two kinds of reactance: inductive, and 
capacitive. Inductive reactance opposes the 
flow of charge by the induction of a 
counter-electromotive due to the 
changing magnetic field which is caused 
by the alternating current. 


force 


Resistance al- 
ways accompanies inductive reactance, but 
it is often desirable to consider them sepa- 
rately. Capacitive reactance opposes the 
flow of charge by the potential difference 
which results the 


charge in the plates of the capacitor. 


accumulation of 
This 


accumulation is fast and quickly builds up 


from 


sufficient potential difference to stop a DC 
flow. Reversal of direction of flow in AC 
circuits permits constant recharging of the 
capacitor and provides for a steady RMS 
AC flow. 


and can be added to the resistance by vector 


Reactance is measured in ohms 


methods. 
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Inductance: the property of an inductor 
which, together with the frequency of the 
power source, determines its inductive re- 
actance. The inductor consists of a coil 
of wire and possibly an iron core.  In- 
ductors of more than 0.1 henry usually 
have iron cores. The amount of induct- 
ance varies with the square of the number 
of turns of wire if all the magnetic lines 
thread through all the turns of wire, that 
is, if the magnetic field is conserved. This 
is true only in well designed iron core and 
coil combinations. The inductance also 
varies directly with the permeability of 
the core. Since the permeability of a par- 
ticular sample of iron depends on its degree 
of magnetization, the inductance is apt to 
depend on the amount of current in the 
coil, An air gap in the iron core reduces 
the low-current inductance but results in 
less drop of inductance with increase of 
current. 

Capacitance: the property of a capacitor 
which, together with the frequency of the 
power source, determines its capacitive re- 
actance, which varies inversely with both 
frequency and capacitance. The capacitor 
consists of two conductors, of more or less 
extended area, separated by a dielectric 
(insulator). The conductors are usually 
sheets of metal, perhaps foil. The dielec- 
trics most common in use are: vacuum, 
air, mica, ceramic films, oils, wax paper, 
glass, and metallic oxides. The magnitude 
of capacitance varies directly with the 
abutting area of the conductors, inversely 
with the distance of separation and also 
depends on the dielectric constant of the 
insulator. The effective resistance of a 
capacitor is determined almost completely 
by the hysteresis of its dielectric. Such 
hysteresis is generally low; the dielectrics 
listed above are, in general, in order of 
increasing hysteresis. Excepting electro- 
lytic capacitors, the effective resistance of 
a capacitor is negligible at low frequencies. 
Increase of capacitance necessarily in- 
creases effective resistance, while it re- 
duces capacitive reactance. 
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Impedance: that property of an electric 
device or circuit which opposes the flow 
of charge. There are three kinds of im 
pedance: (1) simple (copper) resistance 
in which electric energy is transformed 
into heat; (2) inductive reactance in which 
electric energy is briefly stored in a mag 
netic field; (3) capacitive reactance in 
which electric energy is stored in an ele 
trostatic field. The means by which im 
pedance opposes the flow of charge is the 
removal of energy from the charge. Re 
sistance removes this energy at a rate pro 
portional to the rate of flow at that instant, 
and the removal is irreversible. Inductive 
reactance removes the energy at a rate 
proportional to the positive rate of change 
in the rate of flow (acceleration of charg 
and returns the energy to the charge as 
the acceleration of the charge is reversed 
Capacitive reactance removes the energ) 
at a rate proportional to the negative rat 
of change in the rate of flow (acceleration 
of charge) and returns the energy to the 
charge as acceleration of charge reverses 
The processes of energy removal by it 
ductors and by capacitors are therefore 
half cycle, or 180 , out of step (o1 phase ) 
and are algebraically opposite. Inductive 
and capacitive reactances are added by as 
signing positive values to the former and 
negative values to the latter. Net reactance 
and resistance are added vectorially by the 
Pythagoran sum of squares method. This 
final sum of the reactances and the resist 
ance is the impedance of the device or 
circuit. 

Resonance: the process by which, O1 


condition in which, a body, or system, peri- 


odically and continuously transfers its e1 
ergy between kinetic and potential forms 
in step with repeated input of external 
energy pulses. These external pulses pro- 
vide the energy lost due to hysteresis in the 
cyclic process; the excess of pulse energy 
over the cyclic loss provides increase in 
the resonant energy of the system until 
the rate of loss equals the rate of input 
pulse energy, or else destruction of the 
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resonant system results. Resonance may 
be mechanical in nature, as in pendulum 
arrangements, in resonant tuning forks, 
and certain frequency meters. Here the 
energy of the vibrating body is all poten- 
tial at the extreme limit of oscillation, and 
is all kinetic as the body passes its rest 
Due to the 
would eventually stop were it not for re- 
Such 


chanical vibration requires that the body 


position. friction, vibration 


peated pulses from outside. me- 
be either elastic, or else acted on by a 
continuing external force, as gravity. In 
electricity, the energy is exchanged be- 
tween the kinetic form in the inductor, and 
Loss 
the 
process is replenished by energy of incom- 


the potential form in the capacitor. 


of energy by effective resistance in 
ing charges from a source external to the 
resonant system—that is, from the power 
line. 

Corie? doe “p* eA PF aewelic 

Series Resonance: the process ol cyclic 
exchange of energy between capacitor and 
inductor connected in 


series, concurrent 


with the frequency of an applied AC volt- 


age. The energy exchanges are evident 
as a voltage phenomena. At an instant 


when the current is zero and the capacitor 


has maximum charge, hence maximum 


voltage, all the energy of the system is 
When the 
ous current is maximum, the charge of the 


potential energy. instantane- 
capacitor is zero, and the potential energy 
is zero, but the magnetic field of the in- 
ductor is maximum and its kinetic energy 
is maximum, equal to the previous maxi- 
mum potential energy of the capacitor. 
Thus the reactances of the capacitor and 
the inductor are equal; being algebraically 
The 


impedance of the series resonant circuit is 


opposite, the net reactance is zero. 


therefore only the resistance, and hence 
minimum, which results in the RMS cur- 
rent being maximum. Since the current 
is maximum, the voltages across the re- 
Where the re- 
small 


actors will be maximum. 


sistance of the circuit is and the 
capacitance also small (the inductance will 


then be high), the resulting ‘voltage will 
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If the reactance of one of the 
devices is several times as great as the 
resistance of the circuit, then the voltage 


be high. 


of the device will be that many times as 
great as is the external applied voltage. 
This high voltage might reasonably result 
At 60 
cycles per second, the reactances of few 


in destruction of the apparatus. 
inductors are as great as ten times their 
resistances. In the case of a power source 
of constant frequency and constant effec- 
tive voltage, the condition of series reso 
nance is identifiable (but not defined) by 
the RMS 


which is obtained by varying either in- 


occasion of maximum current 


ductance or capacitance. In the case of a 
constant effective voltage, and fixed values 
of inductance and of capacitance, the con- 
dition of series resonance is identified by 
the occasion of maximum RMS current as 
the frequency is varied. Resonance can 
also be identified by the occasion of maxi- 
mum voltage across either the capacitor 
or the inductor, if the resistance is neg- 
ligible. If resistance is not negligible maxi- 
mum voltage of the capacitor occurs when 
the capacitance is less than that required 
for resonance, and maximum voltage across 
the inductor occurs when the inductance 
is more than that required for resonance. 
Note: One must keep in mind that change 
in current may cause a change in induc- 
tance; if this is true, special techniques 
must be used to maintain constant current, 
and resonance is then identified by the 
occasion of the minimum applied voltage 
which sustains the constant current. Ten 
properties of series of resonance are: (1) 
maximum energy of the capacitor equals 
the (2) 
capacitive reactance equals inductive reac- 


maximum energy of inductor ; 
tance, the overall reactance being zero; (3) 
the product of the capacitance and the in- 
ductance is inversely proportional to the 
square of the frequency; (4) impedance is 
minimum, being equal to the resistance 
alone; (5) the phase (position within the 
cycle, or angle) of the current is the same 
as the phase of the applied voltage; (6) 
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the power factor of the circuit is 100 per 
cent; (7) the current for a given applied 
voltage is maximum; (8) the RMS volt- 
ages across the capacitor and across the 
inductor reach high values, but perhaps 
somewhat less than maxima; (9) the 
arithmetical sum of the RMS voltages of 
the capacitor and of the inductor is much 
greater than the applied voltage seeming 
to contradict Kirchhoff’s Law of circuit 
voltage and the axium that the whole is 
equal to the sum of its parts; (10) the 
RMS voltage across the resistance (in- 
cluding that of the inductor) equals the 
applied voltage. 

Parallel Resonance: the process of cyclic 
exchange of energy between a capacitor 
and an inductor connected in parallel, cor- 
current with the frequency of an applied 
AC voltage. The enery exchanges are evi- 
dent as a current phenomenon. It is cus- 
tomary to locate all the resistance of the 
parallel circuit in the inductor branch; this 
resistance includes that of the inductor and 
that of any additional device in the parallel 
circuit. Since both branches are in the 
parallel, the same voltage is applied across 
both branches. Therefore the current 
through the capacitor branch, and through 
the inductor-resistor branch will agree with 
quotient of the voltage divided by the im- 
pedances of the different branches, each as 
though the other branch did not exist. 
As the condition of resonance is ap- 
proached, the capacitor supplies more and 
more of the electrons which flow through 
the inductor branch. Thus the current 
from the power source to the parallel cir- 
cuit (the external circuit) is decreased. 
The condition of parallel resonance is iden- 
tifiable (but not defined) by the occasion of 
minimum external current flowing into, or 
out of, the parallel circuit. The energy of 
this external current is the energy dis- 
sipated by the resistance of the inductor- 
resistor branch. If there were no resist- 
ance, there would be no dissipated energy ; 
then there would be no external energy or 
current. Thus the external current is di- 
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rectly proportional to the resistance. (Cur- 
rent is commonly inversely proportional 
to resistance.) The resonant current is 
also directly proportional to the applied 
voltage and to the capacitance, and is in- 
versely proportional to the inductance. In 
engineering practice, the purpose of 
parallel resonance, that is, the parallel con- 
nection of the appropriate capacitor to a 
reactor-resistance branch, is to: (1) bring 
the external current and voltage to the 
same phase in order to reduce loss of en- 
ergy in wiring external to the parallel 
circuit; (2) to provide high impedance to a 
specified frequency. 

Phase: position within the cycle of re- 
peated phenomena, often expressed as an 
angle. Some condition or occasion is im- 
plied, or stated, as a reference. In AC 
practice the origin, or reference, is usually 
the beginning of a cycle of current or volt 
age, that is, the beginning of a positive 
current or voltage. Thus the phase of the 
current for maximum value is 90°. The 
phase of the voltage of a pure inductor is 
90° more than the phase of its current, 
while the phase of the voltage of a ca- 
pacitor is 90° less than the phase of its 
current. 

Polyphase and Three-phase Circuits: a 
scheme by which two or more AC currents 
may be generated, transmitted, and used 
in such a manner that they differ in phase 
by equal angles, and are equal in RMS 
voltage. Three-phase circuits are the most 
common of the polyphase forms. The ad- 
vantages of the polyphase circuits are four: 
(1) generators for polyphase current are 
more compact and efficient than are single 
phase generators of equal power; (2) less 
copper is required for a system requiring 
a given power; (3) less voltage loss due 
to line resistance is encountered in trans- 
mission of a given power; (4) that form 
of electric power is more readily used for 
motors than is. single-phase current. 
Three-phase circuits require more care in 


design and require balanced use of each 
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phase if the advantages of the system are 
to be realized. Hence the scheme is not 
suitable for home use. Two systems are 
used in three-phase circuits: delta and wye 
(Y), so named by the manner in which 
loads are connected to the power lines. 
Split-phase: a form of two-phase elec- 
tric power, having unequal phase angles, 
derived from single-phase power lines by 
using two parallel branches one of which 


has more reactance than the other. Split- 
phase circuits are commonly used in elec- 
tric motors up to one horsepower. Cur- 


rents in the two branches energize two 
complex electromagnets of the motor field. 
Since the current for one of the magnets 
reaches maximum and starts decreasing 
before the other magnet reaches its peak, 
there appears to be a rotation of magnetic 
field. 

tion of 


Such rotation is needed for opera- 
AC motors. The effect 
is similar, but less effective, to that pro- 


common 


duced in three-phase motors. 

Shaded Pole: a means of obtaining a 
rotating magnetic field by placing a heavy 
copper conductor around part of each pole 
of an alternating current magnet. Cur- 
rents induced in the copper excite the por- 
tion of the pole which it surrounds, causing 
it to reach peak magnetization at a time 
later than the peak of the rest of the pole. 
This technique is very suitable for small 
motors, up to one-tenth horsepower, and 
is almost essential to the use of AC electro- 
magnets in relays, plunger solenoids, and 
holding magnets. 

Power Factor: the ratio of electric power 
to the product of voltage and current. The 
100 per cent, 
This 


ratio is the cosine of the angle of the dif- 


maximum value is one, or 
as is always the case in DC circuits. 


ference in phases of the AC voltage and 
current. For best efficiency of generation 
and transmission the power factor should 
be one. The power factor of a capacitor 
is nearly zero. 

Rectification: the process of converting 
AC current to pulsating DC current. This 


pulsating DC current may then be “‘fil- 
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tered” to become nearly pure direct cur 
rent. Rectification may be achieved by 
either a synchronized switching process, 


or by a valve-type process. The net result 


may be achieved (without true rectifica 
tion) by means of an AC motor-DC gen- 
erator. Valve action may be had by (1) 
use of wet cells using aluminum oxide ot 
tantulum oxide as unidirection conductors, 
(2) dry barrier type rectifiers, such as cu 
prous oxide, cuprous sulphide, selenium, or 
germanium in unidirectional arrangement, 
(3) (4) 


gas filled tubes with hot or with cold cath- 


vacuum type thermionic tubes, 


odes. In any case the rectifier may simply 
pass half of each cycle (half wave rectifica 
tion), or it may transpose alternate halves 
of cycles (full wave rectification ). 
Transformer: a device for changing the 
voltage of electric power by means of mag- 
the 
The voltage may be stepped 


netic induction and without use of 
moving parts. 
up, or down. One transformer may have 
several different output voltages. Though 
the voltage is changed, the output power 
remains nearly the same, suffering some 
loss due to failure of the transformer to 
A trans- 


former consists of a coil of wire, the pri- 


reach 100 per cent efficiency. 


mary, which is connected to the source of 
AC power, and one or more coils (sec- 
ondary) which serve as the power source 
for the load; usually there is also an iron 
core. Portions of a single coil may serve 
as both primary and secondary ; the device 
is then called an autotransformer, or auto- 
former. The coils are usually so mounted 
on the iron core that practically all the flux 
passes through all the coils. Exceptions 
are neon sign transformers and furnace ig- 
nition transformers which have divided 
paths for the magnetic flux, one path by- 
limits 


passing the secondary coil. This 
the possible output current, keeping it 
within reasonable limits. The usual rela- 
tions for transformers do not apply to these 
“magnetic shunt” types. In a_ perfect 
transformer the ratio of the input to output 


voltages equals the ratio of the number of 
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turns of the input coil to the turns of the 
output coil. Since the output power of a 
perfect transformer equals the input power, 
then the ratio of output to input currents 
is equal to the same turns ratio (note the 
inverted order of currents from voltages). 
Due to copper losses in the transformer 
and to stray magnetic flux, the output volt- 
age will be slightly less than expected. Due 
to iron losses, the output currents will be 
slightly less than expected. The coils are 
interchangeable as to use as input (pri- 
mary) or output (secondary) so long as 
the maximum voltage for each coil is not 
exceeded. This maximum voltage is di- 
rectly proportional to the number of turns, 
the frequency, the cross-section area of the 
core, and the magnetic flux per square 
centimeter for saturation. The current 
rating of a transformer is determined by 


LANGUAGE IN SCIENCE EDUCATION 321 


the size of the wire in accordance to stand- 
ard tables of arbitrary current limits for 
magnet wire, and by the internal resistance 
of the transformer which causes the 
terminal voltage to be less than the electro- 
motive force. 


SUMMARY 


Concise definitions have been given for 
twenty-two terms which are needed in the 
study of alternating current electricity. 
Following its definition, each term has been 
discussed so that its concept may be de- 
veloped. The treatments of hysteresis and 
of resonance has been such that these con- 
cepts include other phenomena besides 
electrical, and thereby aid in the unifying 
ot electricity with other branches of 
physics. 


CLARIFYING LANGUAGE IN SCIENCE EDUCATION * 


3ENJAMIN 


J. Novak 


Frankford High School, Philadelphia, Pennsylvania 


HE literature in science education is 
filled with many terms, some specific, 
and others of more general significance. In 
a few instances, general words assume spe- 
cial meanings when used by the science edu- 
cator. Published materials in science educa- 
tion are sparse in glossaries. Moreover, 
some meanings are not particularly clear in 
written contexts. Thus we refer glibly to 
concepts, reflective thinking, psychological 
methods, insights, principles, and deduction, 
to cite examples, in a strangely inexact 
fashion, considering our preachings about 
the systematic, objective, clear, and repro- 
ducible nature of the scientific approach. 
In short, our reporting needs to be con- 
ducted more scientifically. 
In this study, a thorough survey was 
* Author is Vice-Principal, Frankford High 
School, Philadelphia, Lecturer in Secondary Edu- 
cation, Temple University, Lecturer in Voca- 
tional Guidance, University of Pennsylvania, and 
Visiting Professor in Science Education, Univer- 
sity of Connecticut. 


made of current publications in science edu 
cation, lifting out in rather arbitrary fashion, 
words that appear to have special impor 
tance. The alphabetical listing thus de- 
veloped was then studied in a variety of 
science education publications for stated or 
for contextually implied meanings. Credit 
was assigned wherever origins could be as 
certained. Many definitions, however, 
represent a composite or modification of 
sources, while others have no identifiable 
origins. 

The area of methods is a composite, with 
gleanings from other more sharply defined 
disciplines like testing, educational psychol 


ogy, and curriculum. 


A. Partial Glossary 


— 


. Ability: The power to respond and to produce 
in certain situations. It is developed with 
training and experience, and is broader than 


a skill. 
(See Aptitude, Skill) 
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. Analytical Thinking: 


. Applied Science: 


. Assumption: 
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Achievement: The mastery or output of a 


student in information or skills. 


. Action Research: Research by a school’s fac- 


ulty, usually to evaluate and objectify cur- 
riculum practices in their own setting. Evi- 
dence is gathered systematically and hypothe- 
ses are tested, but the results may not meet 
all the standards of classical research, and 
generalizations beyond the particular situa- 
tions are limited. 
(After Vernon E. Anderson) 


. Activities (also Extra-Curricular Activities, 


and Co-Curriculum): The less formally or- 
ganized portions of the curriculum, during or 
after school hours, usually not carrying aca- 
demic credit. More attention is generally 
directed to student leadership, interests, and 
guidance, than is done in the classroom, 


. Activity-Centered Unit: A unit having a min- 


imum of teacher directed recitation, but fea- 
turing pupil activities of oral, written, and 
group nature. It may include major activities 
(many students involved for a long time in 
activities like dramatizations, excursions, and 
hobby shows) minor activities (a few 
pupils involved for a short time in projects, 
reports, and the like). 
(After Wm. T. Gruhn) 
(See Life Problem Unit, Unit) 


or 


). Aims (same as Objectives, Purposes): The 


thinking ahead on what teachers and other 
educational planners wish to accomplish with 
themselves and their students. 

Going below surface 
manifestations of a subject or of what is 
being observed. It seeks the essential com- 
ponents and their relationship in a whole. 
There is a breaking down, simplifying, and 
categorizing of the complex entity. 


. Anecdotal Record: A brief written, objective 


description of some significant behavior in 
an individual. 

Scientific procedures and 
knowledges put to use in coping with man’s 
environment, needs, and wants. 

(See Basic Science, Pure Science, Science) 


. Appreciation: A feeling, awareness, or judg- 


ment concerning the value or significance of 
an event, experience, or object. It has an 
emotional connotation. 


. Aptitude: An innate potentiality for success 


in an area of performance or learning, exist- 
ing prior to direct acquaintance with the 
area. 

Accepting as correct without 
proof, a fact, theory, principle, or idea, as 
part of the circumstances in a given situation 
that is being tested or proved. 


. Attitude: A mind set or readiness to react 


to given situations in certain ways. 
(Vernon E. Anderson) 
Autocratic (Authoritarian) Leadership: The 
leader determines the group policy, assigns 
work, outlines procedures to be followed, 
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demonstrates tasks to be done, and generally 

dominates the group. 
(See Democratic, and 
Leadership ) 


Laissez-Faire 


Science: Scientific knowledges and 
data that must be understood and at hand 
in order to achieve some other desired sci 
entific or technical goal. 

Broad generalized area 
of the science of living things. Examples of 
content: botany, zoology, bacteriology, en 
tomology, anatomy, physiology, protozoology, 
etc. 


. Broad Field Organization of Subjects: The 


combining of formerly separate subjects into 
larger wholes, in order to develop a unified 
view of a comprehensive field. 
Biology combines botany and zoology. Gen- 
eral Science includes biology, physics, chem- 
istry, geology, and meteorology. 

(After Vernon E. Anderson) 


. Buzz Group: A temporary sub-division, usu- 


ally from four to ten persons, of a larger 
group, to permit fuller interaction on a com- 
mon problem. There is usually a chairman 
and a recorder, and a report is made back 
to the full group. 

A standard used to measure 
scholastic credit in secondary education for 
transfer, graduation, and college entrance. 
One unit is given for a course having five 
periods of classwork weekly for the academic 
year. (It was developed early in the century 
by the Carnegie Foundation for the Advance- 
ment of Teaching.) 

Case Method of Teaching (In Science) : The 
work (approach and major conclusions) and 
personal characteristics of noted scientists are 
studied from their original writings. 


. Check List: A guide to help the individual 


evaluation of a learner by observing the per- 
formance of a complex skill. The check 
list usually lists items that are to be checked 
as being present or absent 

(See Rating Scale) 


. Clinic (In Education): A meeting of teach- 


ers or other professional persons to share 
experience in common practical problems, 
and to gain information or skills on new and 
improved practices from experts. Sessions 
usually are extended over most or all of the 
day for several days. 

(See Institute, Workshop) 


Common Learnings (or General Education): 
Kinds of behavior and understandings that 
all persons, despite their differences, need 
to learn to live effectively in a democratic 
society. Some of these include reading, writ- 
ing, speaking, computing, citizenship skills, 
physical fitness, and appreciations,—among 
others. 
(After Vernon E. Anderson) 


Concept: A generalization growing out of 
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. Concomitant Learning: 


.Core Curriculum: a. 


. Correlation of Subjects: 


. Course: a. 


recognition of a common element in a num- 
ber of facts and experiences. A concept at- 
taches meaning to learning. A concept that 
is simple to a child can amplify and develop 
with added insight and experience. 
Knowledge or skill 
that is not specifically aimed at, but which 
accompanies the learning that is sought. 
(After Harold W. Bernard) 
Materials: Objects like news- 
papers, magazines, circulars, and the like, 
having timely, but temporary value in en- 
riching teaching. Their usefulness generally 
does not exceed two or three years. 
Each stu 
dent works individually on mainly written 
materials or “contracts,” assigned in advance. 
Different contracts, varying qualitatively or 
quantitatively, may be prepared on two or 
more ability levels. 
Control; In an experimental situation, a fac- 
tor or group which is left unchanged, as a 
standard for comparison with a similar factor 
or group (called experimental) that is acted 
upon or treated in some way with a variable. 
(See Experimental Group, Variable) 
Controlled Experiment: An experiment with 
control and experimental groups, so de- 
signed that only one variable will be operat- 
ing at a time. 


. Cooperative Education: An educational pro- 


gram providing for both study in school, and 
employment in industry or business during 
school time. There is school supervision, and 
usually salary and school credit are provided. 
(Also is called School-Work Education, 
or Work Experience ) 
(Most common defini- 
tion) : On the secondary school level, especi- 
ally junior high school, a block of time, usu- 
ally two or three class periods, devoted to a 
problem solving approach of social and per- 
sonal problems significant to youth, rather 
than to a single or even combined subjects. 
The content may come from any department, 
depending on the problem. Guidance is an 
important part of the teacher’s responsibility, 
including activities often found in the home- 
room. 
(After Vernon E. Anderson) 
b. (Secondary Use): (Same as 
Learnings or General Education) 
Planning the se- 
quence of content in two subjects so that what 
is taught in one is used or related in some 
way to that of another. For example, ratio 
and proportion may be taught in mathe- 
matics at the same time it is used in the 
shop. Bacteria may be studied in biology 
when diseases are being learned about in the 
health class. History is often correlated 
with literature. 
(After Vernon E. Anderson) 
A block of subject content in a 
specialized area of learning, usually divided 


Common 
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40. 
41. 


. Course of Study 


. Critical Thinking: 


. Curriculum Guide: 


. Democratic Leadership: 


into topical or time units, covering a semester 
or year. There may be courses in English, 
chemistry, art, etc. 

b. It is often used loosely in high school and 
colleges as meaning the grouping of subjects 
into various combinations around some future 
educational or vocational objective (same as 
Curriculum [b]) 

(See Curriculum[b] and Program of Studies) 
Part of the curriculum of 
fered in one department, organized for class 
room use, incorporating objectives, learning 
experiences, content, materials, and means of 
evaluation. 

(See Curriculum Guide) 
Creativity: The demonstration of insight and 
ingenuity that departs from the accepted rou 
tine. Creativity can be demonstrated by 
everyone in almost any area of experience, 
not just art, dance, literature, 


(After J. M. 


and musk 
Lee and D. M 
An approach to thought 


Lee) 


caution in drawing conclu 
sions, based upon accurate and adequate evi 
dence. It rejects superstition and authority, 
effect relationship, and 
recognizes that conclusions must be 
in the light of added evidence 

(See 


characterized by 


accepts cause and 


modified 


Reflective Thinking ) 


. Curriculum: a. The whole of the interacting 


forces of the total environment provided for 
the pupils by the school, and the pupils’ ex 
periences in that environment. 

(After Vernon E. Anderson) 
b. In high school and college it often refers to 
the grouping of subjects into various con 
binations around some future educational or 
vocational objective. Examples are academic 
curriculum, engineering curriculum, etc. 
(See Course [b], and Program of Studies) 
\ flexible and broad sug- 
gestive guide to aid the teacher in his teach- 
ing throughout the year, without inhibiting 
him in planning with pupils or adapting the 
program to their needs. It is less rigid and 
prescriptive than a course of study. It in- 
cludes suggestions on determining student 
needs, planning with students in setting up 
objectives, etc. 

(After Vernon E. Anderson) 

(See Course of Study ) 
Cycle of Teaching: The repetition of the 
same concept or learning area at various 
grade levels, varying the content and ap- 
proach with the maturity and background of 
the learners. 
Dalton Plan: (See Contract Method) 
Deductive Method: Learning based on de 
ductive logic. It applies general laws, either 
discovered by induction or assumed, to the 
explanation of specific events. It often is ap- 
plied in the syllogism, consisting of the major 
premise, minor premise, and conclusion. 
(See Inductive Method) 


Leader encourages 
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the group to select its own working partners, 
discuss its policies, and reach its own deci- 
sions. The democratic leader supplies in- 
formation and alternatives, and is objective in 
praise and criticism. 

(See Autocratic and Laissez-Faire 
Leadership ) 
Methods of Teaching: A 
showing of a process or experiment, using 
materials or equipment by the teacher or a 
small group of students, to the group. The 
approach may be inductive or deductive, and 
be silent or accompanied by explanation. 
(See Deductive Method, Inductive Method) 
Developmental Tasks of Youth: A list 
nine individual needs and societal demands 
that adolescents must master in order to lead 
satisfying lives. The list was developed by 
Robert J. Havighurst. 


. Demonstration 


of 


5. Drill: Repetition with a skill or item of in- 


be recalled 
(without 


formation until it can 
formed automatically 
conscious effort). 
Eight-Year Study of Secondary Education: 
An extensive study made in 1933-41 with 
many cooperating high schools and colleges, 
showing that graduates of high schools hav- 
ing radically different curricula did about as 
well scholastically in college as students pre- 
pared by regular preparatory pro- 
grams. 


or per- 
thinking or 


college 


7. Empirical Data: Information acquired on the 


basis of what has been seen and experienced, 
often on an unstructured trial and error basis. 


3. Evaluation: A broad attempt to make sound 


judgment on many aspects of an educational 
situation, besides those that can be measured 
by standard tests. Many approaches are 
used and qualities like attitudes, interests, 
appreciations, and values are explored. 

. Exceptional Child: One who deviates so 
much, physically, intellectually, or otherwise, 
from the great majority of children, that his 
most urgent cannot be met in the 
normal group situation. 

. Excursion (Same as Field Trip, School Jour- 
vey): Any out-of-school exercise to provide 


needs 


complete sensory experience with objects and 
phenomena that cannot be brought into the 
classroom. 
(After E. Heiss, E. Obourn, C. Hoffman) 
. Experience Unit: A unit consisting of activi- 
ties emphasizing the needs and purposes of 
the learner. Attitudes and emotional develop- 
ment assume importance equal to tangible 
learnings, and the outcomes are considered 
by the student as worthwhile of achievement. 
. Experimental Group: The group in which 
one variable is intentionally altered in order 
to evaluate the causal role of the variable. 
(See Control, Variable) 
. Fact: A thing known to be true or to have 
happened. 
(See Concept, Principle) 
. Faculty Psychology: The theory that the 
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mind consists of separate compartments ( fac- 
ulties) for memory, perception, 
accuracy, etc. 

(See Mental Discipline ) 


reasoning, 


. Fair: A sampling of student projects, on a 


school, district, state, or regional basis, open 
to the public. 


. Field Trip: (See Excursion) 
. Flexible Assignment: 


Instructional require- 
set a minimum that must be com- 
pleted by the slowest pupils of the group. 
Additional requirements of various sorts on 
several levels provide for more capable stu- 
dents. 


ments 


In the contract system, différent assignments 
are prepared for the different levels. 
(See Contract Method) 


. Forum: A lecture or several formal presenta- 


before audience, with time for 


questions. 


tions, an 
(See Panel, and Symposium) 
Fugitive Materials: Articles, pictures, proj- 
ects, etc., useful to supplement teaching, se- 
cured from almost any source (for example, 
government, industry, magazines, or 
papers). Much of the material is more re- 
cent and of a less permanent nature than 
that in textbooks. 
Functional Curriculum: A curriculum aimed 
at usefulness in meeting life adjustment prob- 
lems, in contrast to subject curriculum. 
(See Subject-Centered Curriculum) 
Education: (Same as Common 
Learnings ) 


news- 


. Generalization: The process of organizing a 


group of specific facts or information into 
a form that is non-specific, yet applicable to 
a number of specific situations. 


3. Gifted Child: One in the top or two per cent 


of the population in intelligence (1.Q. usually 
of 135 or more). His behavior is characterized 
by a general superiority in speed and breadth 
of learning, originality, initiative, and imagi- 
nation, or the superiority may be only in 
specific areas such as art, music, or literature, 
among others. 


Habit: A more or less automatic, learned 
response, acquired through repeated responses 
within an identical or highly similar situa 
tion. 


(After Harold W. 
(See Skill) 


3ernard ) 


5. Herbartian Steps in Teaching: Preparation, 


Presentation, Association, Generalization, 
Application. 
Homogeneous Grouping: The attempt to 
classify students on the same grade level in 
groups that are less mixed than unselected, 
or heterogeneous groups. Measures often 
used to separate are intelligence, aptitude, 
and achievement tests, marks, vocational in- 
terests, teacher judgment, or combinations of 
these. There may be rapid, average, slow, 
or other groups. 

Hypothesis: A tentative conclusion or sup- 
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position. The basis for testing a particular 
procedure, either by experiment or observa- 
tion. 

(After Harold W. Bernard) 
Individual Teaching: The learning of each 
student is directed individually, and he pro- 
gresses at his own pace. Shop projects and 
written contracts are largely individual in 
nature. 

(See Contract Plan ) 

Individualized Instruction: Teaching of 
groups or classes in which provision is made 
in instruction and assignments to allow for 
differences in students. 
Inductive Method: Gathering of evidence, 
weighing of probabilities, and discarding ir- 
relevant details in arriving at general rules 
according to which events occur; and the 
testing of hypotheses by devising suitable ex- 
periments. 


. Institute: A gathering of teachers or other 


experienced educators, extending over most 
or all of the day for several days or for as 
long as two weeks. Included are lectures by 
experts, study, and some sharing of common 
problems. Examinations and credit may or 
may not be included. 

(See Clinic, Workshop) 


.Integration (Jn Curriculum): A_ general 


term, used loosely in a variety of situations. 
It refers to a drawing together in meaningful 
association the various segments of the cur- 
riculum, cutting across and often largely 
erasing subject lines. New content groupings 
are established on the basis of subject areas 
or problems. 
(See Subject ) 


.Intuitive Knowledge: Knowledge accepted 


by immediate perception or insight as being 
true, without proof or reasoning. 


.Job Analysis: An intensive, detailed, direct 


method of obtaining the pertinent facts about 
a job or working situation. It includes ob- 
servation of the job and reporting of facts 
that are observed, or secured in conversation 
with workers, superiors, and others who 
have significant information. 

(After Carroll L. Shartle) 


. Knowledge: The ability, after learning, to 


recall or recognize facts, objects, and places, 
and to establish relationships, such as date 
with event, and symbols with meaning. 


. Laboratory Technique: A learning situation 


in which students work individually or in 
small groups, using a variety of equipment 
and materials, for the essential purpose of 
understanding principles, gaining experi- 
mental evidence, solving problems, and ac- 
quiring manipulative skills. 


. Laissez-Faire Leadership: The leader gives 


no guidance to the group in making decisions. 
He gives information when asked, but other- 
wise does nothing, and makes no comment. 
(See Autocratic and Democratic Leadership ) 


3. Morrison Plan (by Henry C. Morrison 
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78. Lecture Method: The teacher presents or 


develops, often in logical fashion, a topic or 
body of material to learners, who listen and 
take notes. There may or may not be pro 
vision for questions and discussions by the 
listeners. 

(After Ruth Strang ) 


Life Problem Unit: (Problem Unit) The 


enphasis and nature of the learning are 
based upon the learner and his needs. It has 
the characteristics of the experience-centered 
curriculum, and may be found on all levels 
from kindergarten through college. 

(See Experienced-Centered Curriculum) 


. Logical Approach in Teaching: The arrange 


ment of subject matter in a systematic way 
after it has been analyzed for similarities and 
dissimilarities by adults. This is the basis 
of departmental organization, and for ref 
erence and cataloguing purposes 

(See also Psychological Approach) 


. Mental Disciplines: The belief that “facul 


ties” of the mind are developed by special 

exercise. Thus, problem solving ability in 

general grows with exercise in mathematics, 

and memory develops with the study of Latin 
(See Faculty Psychology ) 


2.Model: A replica of an object that is the 


same size, enlarged, or in miniature. 

(After E. Heiss, E. Obourn, and C. Hoffman) 
ol 
University of Chicago): Formal subject mat 
ter learning arranged in logical units around 
some central concept. The units are intended 
for all students, with the more capable com 
pleting a greater number. There are five 
steps: Exploration, presentation, assimila 
tion, organization, and recitation. 


. Motivation: The stimulation of activity 


towards a goal when previously there was 
little or no such behavior. Jntrinsic motiva 
tion grows out of interest with the activity 
itself. Extrinsic grows out of outside stimu 
lation, like marks, awards, competition, etc 
(After Harold W. Bernard) 

Vatural History: Biology instruction in the 
early academies and high schools, consisting 
largely of botany and zoology. Emphasis 
was on facts, and dealt largely with anatomy 
and physiology of plants and animals. 
Natural Philosophy: Instruction — selected 
mainly from physics, astronomy, and earth 
science, found in academies starting about 
1750, and continuing in the high schools until 
about 1870. The content was largely de 
scriptive. 


7. Normal Curve (“Bell-Shaped” or Gaussian): 


The typical appearance on a graph of a char- 
acteristic or trait for a large number of cases 
selected by chance. The frequencies will be 
large near the average or median, with 
progressively fewer in going out to the very 
high and the very low. This gives the in 
verted “bell-shaped” curve. 
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2. Parallel-Track Instruction: 


. Permissiveness: 


. Principle: 


SCIENCE EDUCATION 


Object Test: A test in which the person 
taking the test examines the actual objects: 
(tools, specimens, equipment) and answers 
questions about them. 

Objective Test: A test that can be scored 
without being affected by the opinion or 
judgment of the scorer. It can be marked 
to give the same score by various people. 
Objectivity: A point of view in which facts 
are weighed, and truths sought, with as much 
freedom as possible from opinion, emotion, 
and prejudice. 


. Panel: Informal spontaneous discussion and 


exchange of information and ideas by a group 
of participants under a chairman, in front 
of an audience. These are no prepared 
speeches. This is followed by a forum period 
in which the audience participates. 

(See Forum and Symposium) 
The abler stu- 
dents, depending upon their speed, ability, 
and industriousness, finish a prescribed course 
in a shorter time than slower students. 
(See also Three Track Or Differentiated 
Teaching ) 
Allowing students freedom 
to express their thoughts, feelings, and wishes 
with a minimum of disapproval or restraint. 
This is not to imply lack of discipline or 
teacher planning. 
Physical Science: A broad, general area of 
science, including much of chemistry and 
physics, with some astronomy, geology, Physi- 
ography, and meteorology. 


.Plateau: A level part of a learning curve, 


representing a time during which no measura- 
ble progress is being made in terms of the 
particular goal to be mastered. 
Pragmatic: Thinking and learning that tests 
results on the basis of its function in actual 
practice. 
A generalization based upon a 
broad conceptualization or on several con- 
cepts. (An example of a principle is that 
energy can be changed from one kind to 
another.) (See concept.) 
Problem Solving: An approach to learning, 
based on recognizing, analyzing, and resolving 
situations realistic to the experience of the 
learner. The approach may include: (1) 
Sense and define the problem, (2) Obtain 
data by experimentation and observation, (3) 
Organize and evaluate data, (4) Propose an 
explanation or hypothesis, (5) Test hypothe- 
sis by further investigation, (6) Draw up 
principles or conclusions, (7) Apply princi- 
ples to specific cases. 
(See Life Problem Unit and Topical Organ- 
ization) 

Program of Studies: A list of courses offered 
in a school, and the grouping of required and 
elective courses for attaining some educa- 
tional objective. 

(After Vernon E. Anderson) 
(See also Course and Curriculum) 
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100. Project: Working out of a problem by an 


101. 


102. 


103. 


104. 


10 


106. 


10 


109. 


110. 


11 


5. 


7. 


8. 


_ 


. Resource 


entire class or a smaller group of students. 
The project may include sub-problems and a 
variety of activities. Generally there is some 
physical outcome, like a report, product, or 
display. 

(After John S. Richardson) 
Psychological Approach: Arrangement of 
subject matter in a functional, or experience 
manner, growing out of recognized problems 
or situations in the learner’s environment. 

(See also Logical Approach in Teaching) 
Pure Science: Scientific procedures, knowl- 
edges, and themes explored and developed 
for their intrinsic interest, without thought of 
practical application. 

(See Applied Science, Science) 

Qualitative Measure: Ascertaining the pres 
ence or absence of a substance or character- 
istic without reference to the amount. 

(See Quantitative Measure) 

Quantitative Measure: Ascertaining the pres- 
ence or absence of a substance or character- 
istic, and measuring the amount. 
Random Sample: A sample of a large group 
drawn in such a way that every member of 
the group has an equal chance of being in- 
cluded. Such a sample is free from bias, 
and is representative of the whole group, per- 
mitting generalizations applying to the whole 
group. 

(See Sampling) 
Rationalization: A form of faulty reasoning 
that omits or distorts objective evidence to 
justify a prejudice, completed act, or con- 
templated act. 

(See Reasoning) 

Reasoning: The process of drawing con- 
clusions or inferences from facts or other 
conclusions that have already been established 
or proved to be true. 

Recitation: Teachers ask questions, usually 
on a set of questions or other materials that 
the students have been asked to master. One 
pupil responds, while the others listen and 
await their turn. 

(See Socialized Recitation) 
Reflective Thinking: Active, persistent, and 
careful consideration of any belief or sup- 
posed form of knowledge in the light of the 
grounds that support it, and the further con- 
clusions to which it tends. 

(After John Dewey) 

Resource Person: A specialist possessing un- 
usual knowledge or skill, brought in to school 
or visited outside, for one or a few meetings 
with students or faculty. 

Unit: A learning problem or por- 
tion of a subject area containing detailed 
content, references, audio-visual aids, activi- 
ties, and other material from which the 
teacher can select in planning his teaching. 
The unit is not intended to be taught as such, 
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and may be drawn from by many teachers 
in planning different teaching units. 
(See Teaching Unit) 
. Retarded Person: A newer classification, now 
largely replacing the terms “feeble-minded,” 
and others. It designates a person having 
inferior intelligence, with an I.Q. below 70. 
There are three groups of retarded persons: 
Retarded or Educable 


— 
ome 
bh 


(moron) 1.Q. 50-70 
Moderately retarded or 

trainable (imbecile) 30-50 
Severely retarded 

(idiot ) below 30 


113. Role Playing: A form of spontaneous drama- 
tization in which an individual plays a role 
in a social situation. 

(See Sociodrama) 

114. Sampling: The techniques for selecting a 
limited number of cases or items that will 
be representative of the larger group from 
which they are chosen. 

(After Greene, Jorgensen, and Gerberich) 

115. Science: A_ series of conceptual schemes 
necessarily including facts, principles, and de- 
scriptions of natural surroundings, arising 
out of observation and experiment, and giv- 
ing rise to further observation and experi- 
ment. 

(After J. B. Conant) 

116. Scientific Attitude: The tendency to react to 
laboratory and life situations in a way char- 
acterized by independence, openmindedness, 
objectivity, curiosity, and belief that effects 
have natural causes. It is further charac- 
terized by a seeking for valid evidence to 
support views, a willingness to modify beliefs 
in accordance with new evidence, intellectual 
honesty, and a freedom from superstition and 
prejudice. 

117. Scientific Method: There is no one scientific 
method, but it includes any attack upon prob- 
lems or barriers to knowledge that ingenuity 
suggests. Scientific method comprises all 
the operations, procedures, devices, and types 
of processes, by which scientists arrive at the 
conceptual schemes of science. Its heart is 
inductive and deductive logical thinking tradi- 
tionally associated with controlled laboratory 
experimentation. There is no limit to the 
routes or approaches, but the results must 
withstand tests of objectivity and verifiability. 
(Based on P. E. Brandwein, F. G. Watson, 

and P, E. Biackwood) 

118. Seminar: A small discussion group studying 
research, formed for mutual help. It usually 
consists of experts, or faculty and advanced 
students in a relationship of greater equality 
of status than in the usual class. 

(After Ruth Strang) 

119. Serendipity: The recognition of valuable un- 
sought findings in the mass of existing dis- 
coveries, in pure research, or in applied re- 
search directed at some entirely different pur- 
pose. 
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120. Skill: A physical or mental pattern a person 
has learned to exhibit with ease and precision. 
It is behavior having some habit elements, 
and can therefore be carried on rather auto- 
matically, but thought is needed to meet each 
situation, 

121. Slow Learner: A student who is not regarded 
as being mentally retarded, but who cannot 

cope with the regular curriculum unless it 
is adjusted radically. The retardation may 
not be in all activities. The I.Q. is generally 
between 70 and 90. 
(See Retarded Person) 

22. Socialized Recitation: A discussion emphasiz 
ing group thinking. The teacher may be the 
leader, or the group may elect its chairman. 
The aim is to encourage socialization, group 
thinking, and creative expression. 

123. Sociodrama: Use of spontaneous role playing 
to enact situations that are of common con- 
cern to a group. 

It helps to stimulate discussion and give the 
participants insight (including attitudes and 
emotions) about persons in an opposing situa- 
tion. 

(See Role Playing) 

124. Sociogram: A diagram made by the teacher 
showing relationships between the members 
of a group, based upon stated preferences for 
companions. It is useful in seating, com 
mittee choices, assigning responsibilities, and 
for guidance. 

125. Special Education: Instruction, faculties, and 
services, that pay particular attention to the 
educational needs of students having physical 
or mental handicaps. 

126. Subject: Curriculum experience in the class 
room organized in compartments or depart 
ments of learning, like English, mathematics, 

science, and the like. 

7. Subject-Centered Curriculum: Subject matter 
mastery, and skills are the main objectives 
The content is fixed, and is chosen in advance, 
largely on the basis of its value in adult 
living. The planning is usually by the 
teacher, and the subjects are largely sepa 
rated from each other. 

(After Vernon E. Anderson) 

128. Subject Matter: Includes what men know 
and believe, and their ideals and loyalties, 
but not everything they have created. An 
institution such as the family is not subject 
matter, but what is known and believed about 
the family, is. 

(After Smith, Stanley, and Shores) 

129. Subjectivity: The degree to which attitudes, 
procedures, or results are affected by personal 
opinions or prejudices. 

130. Survey Courses: Selection, development, and 
fusion of selected content of different courses 
into general education learning, helping the 
student to think more ciearly, and to obtain 
information relative to life issues. 

(After Vernon E. Anderson) 
(See Broad Field Organization of Subjects) 
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. Technical Education: 


. Technician: 


7. Teleology: An approach or 
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Symposium: Several who are ex- 
perts or who have made a special study of 
a topic, present their several views before an 
audience. The presentations may be followed 
by discussion consisting of a more or less 
formal interchange of ideas among the 
speakers and audience. 
(After Ruth Strang) 

(See Forum and Panel) 
Teacher-Pupil Planning: Teaching in which 
the students work with the teacher in de- 
veloping goals and experiences, finding mate- 
rials, and evaluating progress. It is not a 
day by day process, but may extend for a 
week, month, or semester. Much preplanning 
by the teacher is required. 

(After Vernon E, Anderson) 


persons 


3. Teaching Unit: A unit or segment of learn- 


ing as it is actually carried out with the 
students. It is centered about a 
problem, issue, idea, or topic. 

(See Resource Unit, and Unit) 
A program of formal 
education with emphasis on practical applica- 
tions of scientific knowledge and methods. 
A worker in an occupation re- 
quiring applied technical knowledge and skill. 
The work is frequently akin to that of the 
engineer, but of narrower Special 
training of from one to three years beyond 
high school graduation often is required. 


central 


scope. 


. Technology: Scientific knowledge and meth- 


ods put to practical usage. 

frame of mind 
in is desired or asserted that the 
world is shaped toward some purposeful end. 
It is basically philosophical, but tends to 
enter science in theories such as those of 
evolution and of chemical reactions. 

(After Brandwein, Watson, and Blackwood) 


which it 


. Ten Imperative Needs of Youth: (Secondary 


Education ) 

(1) Salable skills, (2) Health and Fitness, 
(3) Citizenship, (4) Family Life, (5) Con- 
sumer Competency, (6) Science and _ its 
methods, (7) Appreciations of Art, etc., 
(8) Use of leisure, (9) Ethical Values, (10) 
Thinking and Communication. 

(From Bulletin of National Association of 
Secondary School Principals, March, 1947) 


. Textbook Teaching: Teaching based mainly 


on the content and procedures of one or 
several textbooks. 

“Three Track” or Differentiated Curriculum: 
An attempt to vary somewhat the quantity and 
difficulty of subject matter pursued by stu 
dents differentiated into three ability groups: 
(bright, average, and dull). 


(After J. Paul Leonard) 
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Tool Subject: Learning fields in which 
achievement consists mainly in acquisition 
of skills and techniques useful in further 
learning. Examples of tool subjects are read 
ing, arithmetic, and spelling. 

Topical Organization of Curriculum: From 
the field to be studied, a list of important 
principles, concepts, generalizations, or un- 
derstandings, are selected to 
proved, or learned. 


be grasped, 


. Understanding: A generalization of experi 


ence that is used as a guide to future ex- 
perience. It is an outgrowth of experience, 
not memorization. It is similar to concept, 
but is broader in scope. 

(After Vernon E. Anderson) 

(See Concept) 

Unit: The organization of learning activities 
around certain themes, topics, problems, or 
pupil purposes, in blocks of time ranging 
usually between one week or several weeks. 
(After Vernon E. Anderson) 

. . The rules of conduct by which 
(people) shape their behavior and from which 
they derive their hopes. 
(After B. O. Smith, W. O. 

Shores ) 


Stanley, J. H. 


Variables: A factor or quality that may exist 
in different amounts. 


7. Vicarious Experience: Learning that is not 


accomplished by direct experience with an 
object or situation. Words, pictures, charts, 
graphs, and other symbols are used instead 
of reality. 


. Winnetka Plan: A plan of individual instruc- 


tion developed at Winnetka, Illinois. Each 
student proceeds with assignments, instruc- 
tion, and evaluation as an individual at his 
own rate. A year’s work may be completed 
in as little as six months, or as much as 1/% 
years. 

Workshop: The participants (experienced 
teachers or other professional persons) work 
cooperatively during most or all of the day 
for two weeks or longer on practical common 
problems. The participants determine their 
Speak 
ers, consultants, laboratory, excursions, small 


own goals, schedule, and procedures. 


groups, and social activities, all are utilized. 
and grades 
usually lacking, ‘but credit is given. There 
may be a final evaluation, or written sum- 


Teaching, examinations, are 


mary. 
(See Clinic, and Institute ) 
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A Completely Integrated Unit 
Includes all Apparatus and Chemicals 
for Teaching Science in grades 5 to 9 








Large Storage Cabinet and Movable Demonstration Table of the 
No. 7600 Rol-a-Lab. 


NEW DESIGN WITH PUMP AND SINK 


May be used in any classroom 


Includes all required apparatus and supplies for performing 138 
PROCEDURES COVERING 30 BASIC TOPICS IN ELEMEN- 
TARY SCIENCE OUTLINED IN FULLY ILLUSTRATED MAN- 
UAL. 


No. 7603. ROL-A-LAB. Complete Movable Table of Wood, Meta! 
Cabinet, and all supplies and apparatus except a microscope. 


Each $675.00 
No. 7600. ROL-A-LAB. Complete Movable Table of Metal, Meta! 


Cabinet, and all supplies and apparatus except a microscope. 


Each $600.00 
Write for Complete Brochure. 


W. M. Welch Scientific Company 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
Established 1880 


1515 Sedgwick St. Dept. V Chicago 10, Ill. 


Manufacturers of Scientific Instruments and Laboratory Apparatus 
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eliminating freezing, binding, grease contamination 


KIMAX Laboratory Glassware now 
offers the convenience of TEFLON stop- 
cock plugs: No Binding—accomplished 
by exaggerated 1:5 taper of TEFLON 
Plugs in polished glass barrels. No 
Freezing — because of extraordinary 
teniee inertness of TEFLON. No Leak- 
Teer fit of TEFLON Plug with the 
polished glass barrel. No Contamination 
—self-lubricating . . . no grease needed 
with TEFLON stopcock plugs. Easy Con- 
trol—simple to adjust, control is easily 
maintained. 
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Plugs are “interworkable” with other 
borosilicate glass of the same coefficient 
of expansion. 

This new line of KIMAX apparatus 
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assorted with other Kimble laboratory 
glassware making possible larger quan- 
tity discounts. Your dealer will show 
you how you may realize more savings 
by specifying Kimble for all your labo- 
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Illinois, Toledo 1, Ohio. 
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